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PROBLEM TO BE SOLVED: To realize the speedup of 
inspection by inspecting the flaw, foreign matter, residue 
or the like of the same planning pattern on a wafer in a 
semiconductor device manufacturing process by 
electron beam. 

SOLUTION: The surface of a semiconductor sample is 
irradiated with electron beam (area beam) having a 
constant area and the reflected electrons from the 
surface of the sample are formed into images by an 
image forming lens 1 1 and the images of a plurality of 
the regions on the surface of the semiconductor sample 
7 are obtained to be stored in image memory parts 18, 
19 and the stored images of a plurality of the regions are 
mutually compared to measure the presence and 
position of the flaw in each of the regions. Since area 
beam is used as the electron beam irradiating the 
surface of the semiconductor sample, the speedup of 
inspection and an increase in inspection efficiency can 
be achieved as compared with a case using spotted 
beams. 
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[Claim(s)] 

[Claim l] An electron beam exposure means to extend the electron beam from an 
electron source to the fixed area field on the front face of a sample, and to irradiate 
coincidence, An image formation means to make carry out image formation of the back 
scattering electron or secondary electron obtained from this area field, and to form the 
expansion image about the above-mentioned area field, The sample migration means 
to which the above-mentioned sample is moved so that the above-mentioned electron 
beam may be irradiated by the request location on the above-mentioned front face of a 
sample, A picture signal acquisition means to change into a picture signal the 
above-mentioned expansion image about the above-mentioned area field formed by the 
above-mentioned image formation means, Pattern defect test equipment characterized 
by coming to have a defective detection means to detect a pattern defect [ in / for the 
picture signal about the area field of one on the above-mentioned sample front face 
acquired by this picture signal acquisition means / top Norikazu's area field ] as 
compared with the picture signal about other area fields. 

[Claim 2] The above-mentioned electron beam exposure means is pattern defect test 
equipment according to claim 1 characterized by coming to contain the beam 
moderation device for slowing down this electron beam in case the electron beam from 
the above-mentioned electron source is irradiated on the above-mentioned sample 
front face. 

[Claim 3] The above-mentioned beam moderation device is pattern defect test 
equipment according to claim 2 characterized by being what slows down the 
above-mentioned electron beam irradiated by this sample front face by impressing 
negative potential to the above-mentioned sample front face. 

[Claim 4] The above-mentioned beam moderation device is pattern defect test 
equipment according to claim 2 or 3 characterized by being what slows down the 
above-mentioned electron beam as the above-mentioned electron beam irradiated by 
the above-mentioned sample is reflected in the above-mentioned sample front face 
[ near the pole on this front face of a sample ], without carrying out incidence. 
[Claim 5] The above-mentioned sample migration means is pattern defect test 
equipment according to claim 1 to 4 characterized by being that to which the 
above-mentioned sample is continuously moved almost at uniform velocity. 
[Claim 6] The above-mentioned sample migration means is equipped with the stage 
location measuring machine style which measures the location of the sample stage 
where carries the above-mentioned sample and it moves continuously almost at 
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uniform velocity, and this sample stage. The above-mentioned electron beam exposure 
means So that fixed field irradiation of the above -mentioned electron beam may be 
carried out to the same field of the above-mentioned sample front face between fixed 
time amount irrespective of continuation migration of the above-mentioned stage 
based on the measurement signal from the above-mentioned stage location measuring 
machine style Pattern defect test equipment according to claim 5 characterized by 
coming to have the electron beam deviation controlling mechanism which is 
interlocked with migration of the above-mentioned stage and carries out deviation 
control of the above-mentioned electron beam. 

[Claim 7] The above-mentioned picture signal acquisition means is pattern defect test 
equipment according to claim 1 to 6 characterized by being what acquires the 
above-mentioned picture signal as an output signal from this optical image sensing 
element by changing into an optical image and projecting this optical image on the 
light-receiving side of an optical image sensing element by projecting the expansion 
image about the above-mentioned area field formed by the above-mentioned image 
formation means on a fluorescent screen. 

[Claim 8] The above-mentioned optical image sensing element is pattern defect test 
equipment according to claim 7 characterized by being a CCD sensor or a TDI sensor. 
[Claim 9] The above-mentioned optical image sensing element is pattern defect test 
equipment according to claim 7 or 8 characterized by being what can read the detected 
picture signal to juxtaposition by many channels. 

[Claim 10] The above-mentioned picture signal acquisition means is pattern defect test 
equipment according to claim 1 to 6 characterized by being what acquires the 
above-mentioned picture signal as an output signal of this electronic image sensing 
element by projecting directly the expansion image about the above-mentioned area 
field formed by the above-mentioned image formation means on the light-receiving 
side of the electronic image sensing element which has detection sensitivity to an 
electron. 

[Claim 11] The above-mentioned electronic image sensing element is pattern defect 
test equipment according to claim 10 characterized by being a CCD sensor or a TDI 
sensor. 

[Claim 12] The above-mentioned electronic image sensing element is pattern defect 
test equipment according to claim 10 or 11 characterized by being what reads the 
detected picture signal to juxtaposition by many channels. 

[Claim 13] Pattern defect test equipment according to claim 7 to 9 with which 
magnitude of the light-receiving side of the above-mentioned optical image sensing 
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element is characterized by the thing which spread the magnitude of the optical image 
about the fixed area field on the above-mentioned sample front face on which it is 
projected on this light-receiving side, abbreviation, etc., and which is set up. 
[Claim 14] Pattern defect test equipment according to claim 10 to 12 with which 
magnitude of the light-receiving side of the above-mentioned electronic image sensing 
element is characterized by the thing which spread the magnitude of the electronic 
image about the fixed area field on the above-mentioned sample front face on which it 
is projected on this light-receiving side, abbreviation, etc., and which is set up. 
[Claim 15] Pattern defect test equipment according to claim 7 to 9 characterized by 
setting up more greatly than the magnitude of the optical image about the fixed area 
field on the above-mentioned sample front face on which it is projected on this 
light-receiving side the magnitude of the light-receiving side of the above-mentioned 
optical image sensing element. 

[Claim 16] Pattern defect test equipment according to claim 10 to 12 characterized by 
setting up more greatly than the magnitude of the electronic image about the fixed 
area field on the above-mentioned sample front face on which it is projected on this 
light-receiving side the magnitude of the light-receiving side of the above-mentioned 
electronic image sensing element. 

[Claim 17] The above-mentioned beam moderation device is pattern defect test 
equipment according to claim 2 to 4 characterized by to be what slows down the 
above-mentioned electron beam to an energy range which stops almost affecting the 
resolving power of the expansion image on the above-mentioned front face of a sample 
in which the energy dispersion of the above-mentioned back scattering electron 
emitted by the exposure of the above-mentioned electron beam slowed down according 
to this beam moderation device from the above-mentioned sample front face is formed 
by the above-mentioned image formation means. 

[Claim 18] The above-mentioned image formation means is pattern defect test 
equipment according to claim 1 to 17 characterized by being constituted so that it may 
come to have an energy filter for carrying out energy judgment of the back scattering 
electron emitted by the exposure of the above-mentioned electron beam on the 
above-mentioned front face of a sample from this sample front face and the expansion 
image about the above-mentioned area field may be formed by that cause only with the 
back scattering electron in a certain specific energy width of face. 

[Claim 19] The above-mentioned electron beam exposure means is pattern defect test 
equipment according to claim 1 to 18 characterized by being constituted so that this 
rectangle cross-section configuration beam may be irradiated on the above-mentioned 



sample front face after fabricating the electron beam from the above-mentioned 
electron source with the beam of a rectangle cross-section configuration through 
rectangle diaphragm opening. 

[Claim 20] The above-mentioned image formation means comes to have the function 
which forms the reciprocal space image about the above-mentioned electron beam 
exposure field further with the back scattering electron or secondary electron emitted 
by the exposure of the above-mentioned electron beam on the above-mentioned front 
face of a sample from this electron beam exposure field. The above-mentioned picture 
signal acquisition means comes further to have the function to change the 
above-mentioned reciprocal space image into a picture signal. The above-mentioned 
defective detection means The picture signal of the reciprocal space image about the 
area field of one on the above-mentioned sample front face acquired by the 
above-mentioned picture signal acquisition means is compared with the picture signal 
of the reciprocal space image about other area fields. Pattern defect test equipment 
according to claim 1 to 19 characterized by coming further to have the function to 
detect the existence of the pattern defect in top Norikazu's area field. 
[Claim 21] The 1st electron beam exposure phase which extends the electron beam 
from an electron source to the 1st area field on the front face of a sample, and 
irradiates coincidence, The 1st electronic image formation phase which is made to 
carry out image formation of the back scattering electron or secondary electron emitted 
from the area field of the above 1st, and forms the 1st electronic image about the area 
field of the above 1st, The 1st picture signal acquisition phase which acquires the 
picture signal of the electronic image of the above 1st about the area field of the above 
1st, The exposure impaction efficiency phase of moving the exposure location of the 
above-mentioned electron beam to the 2nd area field from the area field of the above 
1st on the above-mentioned front face of a sample, The 2nd electron beam exposure 
phase which extends the above-mentioned electron beam from the above-mentioned 
electron source to the area field of the above 2nd on the above-mentioned front face of a 
sample, and irradiates coincidence, The 2nd electronic image formation phase which is 
made to carry out image formation of the back scattering electron or secondary 
electron emitted from the area field of the above 2nd, and forms the 2nd electronic 
image about the area field of the above 2nd, The 2nd picture signal acquisition phase 
which acquires the picture signal of the electronic image of the above 2nd about the 
area field of the above 2nd, The picture signal of the electronic image of the above 1st 
about the area field of the above 1st acquired in the picture signal acquisition phase of 
the above 1st is compared with the picture signal of the electronic image of the above 
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2nd about the area field of the above 2nd acquired in the picture signal acquisition 
phase of the above 2nd. The pattern defect inspection approach characterized by 
coming at least to contain the defective detection phase of detecting the pattern defect 
in the area field of the above 1st, or the area field of the above 2nd. 

[Claim 22] The pattern defect inspection approach according to claim 21 characterized 
by irradiating the above-mentioned sample front face after slowing down the 
above-mentioned electron beam before the above-mentioned electron beam from the 
above-mentioned electron source arrives at the above-mentioned sample front face on 
the occasion of the exposure to the above-mentioned sample front face of the 
above-mentioned electron beam in the above 1st and the 2nd electron beam exposure 
phase. 

[Claim 23] Moderation of the above-mentioned electron beam is the pattern defect 
inspection approach according to claim 23 characterized by being carried out by 
impressing negative potential to the above-mentioned sample front face. 
[Claim 24] Moderation of the above-mentioned electron beam is the pattern defect 
inspection approach according to claim 22 or 23 characterized by being carried out to 
the bottom of conditions on which the above-mentioned electron beam irradiated by 
the above-mentioned sample front face is reflected in the above-mentioned sample 
front face [ near the pole on this front face of a sample ], without carrying out incidence. 
[Claim 25] The exposure to the above-mentioned sample front face of the 
above-mentioned electron beam in the above 1st and the 2nd electron beam exposure 
phase is the pattern defect inspection approach according to claim 21 to 24 
characterized by being carried out moving the above-mentioned sample continuously. 
[Claim 26] It is the pattern defect inspection approach according to claim 25 
characterized by performing the exposure to the above-mentioned sample front face of 
the above-mentioned electron beam in the above 1st and the 2nd electron beam 
exposure phase, migration of the above-mentioned sample being interlocked with and 
carrying out deviation control of the above-mentioned electron beam so that fixed field 
irradiation may be carried out to the same field of the above-mentioned sample front 
face between fixed time amount in spite of continuous migration of the 
above-mentioned sample. 

[Claim 27] Acquisition of the picture signal in the above 1st and the 2nd picture signal 
acquisition phase It once changes into an optical image by projecting the above 1st and 
the 2nd electronic image which were obtained in the above 1st and the 2nd electronic 
image formation phase on a fluorescent screen. Subsequently The pattern defect 
inspection approach according to claim 2 1 to 26 characterized by being carried out by 
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projecting the above-mentioned optical image on the light-receiving side of an optical 
image sensing element, and changing the above-mentioned optical image into the 
above-mentioned picture signal. 

[Claim 28] The above-mentioned optical image sensing element is the pattern defect 
inspection approach according to claim 27 characterized by being a CCD sensor or a 
TDI sensor. 

[Claim 29] The above-mentioned optical image sensing element is the pattern defect 
inspection approach according to claim 27 or 28 characterized by being what can read 
and do the detected picture signal in coincidence juxtaposition by many channels. 
[Claim 30] Acquisition of the picture signal in the above 1st and the 2nd picture signal 
acquisition phase By projecting directly the above 1st and the 2nd electronic image 
which were obtained in the above 1st and the 2nd electronic image formation phase on 
the light- receiving side of the electronic image sensing element which has detection 
sensitivity to an electron The pattern defect inspection approach according to claim 21 
to 26 characterized by being carried out by changing the above-mentioned electronic 
image into the above-mentioned picture signal. 

[Claim 31] The above-mentioned electronic image sensing element is the pattern defect 
inspection approach according to claim 30 characterized by being a CCD sensor or a 
TDI sensor. 

[Claim 32] The above-mentioned electronic image sensing element is the pattern defect 
inspection approach according to claim 30 or 31 characterized by being what can read 
and do the detected picture signal in coincidence juxtaposition by many channels. 
[Claim 33] The pattern defect inspection approach according to claim 27 to 29 
characterized by setting up almost equally to the magnitude of the optical image about 
the fixed area field on the above-mentioned sample front face on which it is projected 
on this light-receiving side the magnitude of the light- receiving side of the 
above-mentioned optical image sensing element. 

[Claim 34] The pattern defect inspection approach according to claim 30 to 32 
characterized by setting up almost equally to the magnitude of the electronic image 
about the fixed area field on the above-mentioned sample front face on which it is 
projected on this light-receiving side the magnitude of the light-receiving side of the 
above-mentioned electronic image sensing element. 

[Claim 35] The pattern defect inspection approach according to claim 27 to 29 
characterized by setting up more greatly than the magnitude of the optical image 
about the fixed area field on the above-mentioned sample front face on which it is 
projected on this light-receiving side the magnitude of the light-receiving side of the 
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above-mentioned optical image sensing element. 

[Claim 36] The pattern defect inspection approach according to claim 30 to 32 
characterized by setting up more greatly than the magnitude of the electronic image 
about the fixed area field on the above-mentioned sample front face on which it is 
projected on this light-receiving side the magnitude of the light- receiving side of the 
above-mentioned electronic image sensing element. 

[Claim 37] Moderation of the above-mentioned electron beam is the pattern defect 
inspection approach according to claim 22 to 24 characterized by being what slows 
down the above-mentioned electron beam even to an energy range which stops having 
effect on parenchyma on the resolving power of the electronic image on the 
above-mentioned front face of a sample in which the energy dispersion of the back 
scattering electron emitted by the exposure of the above-mentioned electron beam after 
moderation from the above-mentioned sample front face is formed with this back 
scattering electron. 

[Claim 38] The pattern defect inspection approach according to claim 21 to 37 which 
carries out energy judgment of the back scattering electron emitted by the exposure of 
the above-mentioned electron beam on the above-mentioned front face of a sample 
from this sample front face using an energy filter on the occasion of formation of the 
electronic image in the 1st and 2nd above-mentioned electronic image formation 
phases, and is characterized by forming the above-mentioned electronic image only 
with the back scattering electron in a certain specific energy width of face. 
[Claim 39] The exposure of the above-mentioned electron beam in the 1st and 2nd 
above-mentioned electron beam exposure phases is the pattern defect inspection 
approach according to claim 2 1 to 38 characterized by being carried out by irradiating 
the beam of this rectangle cross-section configuration on the above-mentioned sample 
front face after fabricating the electron beam from the above-mentioned electron 
source with the beam of a rectangle cross-section configuration through rectangle 
diaphragm opening. 

[Claim 40] The 1st electron beam exposure phase which extends the electron beam 
from an electron source to the 1st area field on the front face of a sample, and 
irradiates coincidence, The 1st reciprocal space image formation phase which is made 
to carry out image formation of the back scattering electron or secondary electron 
emitted from the area field of the above 1st, and forms the reciprocal space image 
about the area field of the above 1st, The 1st picture signal acquisition phase which 
acquires the picture signal of the reciprocal space image of the above 1st about the 
area field of the above 1st, The exposure impaction efficiency phase of moving the 
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exposure location of the above-mentioned electron beam to the 2nd area field from the 
area field of the above 1st on the above-mentioned front face of a sample, The 2nd 
electron beam exposure phase which extends the above-mentioned electron beam from 
the above-mentioned electron source to the area field of the above 2nd on the 
above-mentioned front face of a sample, and irradiates coincidence, The 2nd reciprocal 
space image formation phase which is made to carry out image formation of the back 
scattering electron or secondary electron emitted from the area field of the above 2nd, 
and forms the 2nd reciprocal space image about the area field of the above 2nd, The 
2nd picture signal acquisition phase which acquires the picture signal of the reciprocal 
space image of the above 2nd about the area field of the above 2nd, In the picture 
signal acquisition phase of the picture signal of the reciprocal space image of the above 
1st about the area field of the above 1st acquired in the picture signal acquisition 
phase of the above 1st, and the above 2nd The pattern defect inspection approach 
characterized by coming to contain the defective detection phase of comparing the 
picture signal of the reciprocal space image of the above 2nd about the area field of the 
acquired above 2nd, and detecting the pattern defect in the area field of the above 1st, 
or the area field of the above 2nd at least. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the inspection approach and test 



equipment which are high sensitivity and a high resolution, and can image and inspect 
a pattern defect with a detailed semiconductor device front face at a high speed 
especially using an electron beam about the approach and equipment which inspect 
the surface state of samples (semiconductor device etc.). 
[0002] 

[Description of the Prior Art] It considers as the inspection approach of carrying out 
the compare check of the defect of the circuit pattern formed on the wafer, and 
detecting it in the manufacture process of a semiconductor device, the image of two or 
more of-the-same-kind LSI patterns on one wafer is acquired using light, there is a 
method of comparing the image of these plurality and inspecting the existence of a 
pattern defect etc., and it is already put in practical use. The outline of this inspection 
approach is stated to the "monthly semiconductor world" August, 1995 issue and 
pp. 114- 117. When the pattern defect in the manufacture process of a semiconductor 
device was inspected by such optical inspection approach, residue which light 
penetrates, such as silicon oxide and a photosensitive resist ingredient, was not able to 
be detected, moreover, the resolving power of optical system - the etching remainder 
and poor non-opening of a minute flow hole etc. which become the following were 
undetectable. 

[0003] In order to solve the trouble in such an optical inspection approach, the 
compare-check approach of a pattern of having used the electron ray JP,59~192943,A, 
J.Vac.Sci.Tech.B, VoL9, No.6, and pp. 3005-3009 (1991), J.Vac.Sci.Tech.B, Vol.10, No.6, 
and pp.2804 2808 (1992), SPIE Vol.2439, and pp. 174- 183 - and - It is indicated by 
JP,05 258703,A etc. There, in order to obtain a practical inspection rate, the need of 
acquiring the image of a pattern is in a high speed very much. And in order to secure 
the S/N ratio of the image acquired at high speed, the beam current of 100 times or 
more (10 or more nAs) of the usual scanning electron microscope is used. 
[0004] 

[Problem(s) to be Solved by the Invention] With the conventional inspection technique 
using the above-mentioned electron ray, in order to form the image which maintained 
the S/N ratio which can be inspected, the electron beam is high-current-ized. However, 
there was a limitation in improvement in the speed (compaction of inspection time 
amount) at eye backlash which an electron beam is extracted to punctiform and is 
scanning this "point beam" to the plane (two-dimensional) on a sample front face. 
Moreover, there is a limitation also in high current-ization of the electron beam used 
according to brightness, a space-charge effect, etc. of a use electron source. For 
example, 0.1 micrometers When it is going to obtain the resolving power of extent, 
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hundreds nA extent is a theoretical limitation and, as for the electron beam current 
used, lOOnA extent may be used in fact. The S/N ratio of an image is decided by the 
number of the electrons used for forming an image, i.e., the product of a beam current 
value and the time amount which image acquisition takes. If it takes into 
consideration that it is necessary to secure the S/N ratio of the level in which an image 
processing is possible, a beam current value is 0.1 micrometers at 100nA(s). When it is 
going to obtain resolution, it is 2 an area of 1cm on the front face of a sample. About 
100 or more sees are needed for inspecting. On the other hand, with the conventional 
optical test equipment mentioned above, it is 2 an inspection area of 1cm. The 
inspection duration of a hit was very as high-speed as about 5 sec extent. 
[0005] Therefore, the purpose of this invention is accelerating the inspection duration 
of the compare-check approach of a pattern of having used the electron beam, more 
than that of the conventional optical inspection approach, and an EQC or this. 
[0006] 

[Means for Solving the Problem] Improvement in the speed of the pattern 
compare-check approach using the purpose of above-mentioned this invention, i.e., an 
electron beam A sequential exposure is carried out as an "area beam" which there is 
not and had two-dimensional breadth, two or more exposure fields on the front face of 
a sample (area field) -■ an electron beam - as a "point beam" - coming out - Carry out 
image formation of the back scattering electron or secondary electron from an exposure 
field (area field) of these plurality, carry out sequential formation of the expansion 
image of two or more above-mentioned exposure fields, and the expansion image of the 
exposure field of these plurality is changed into an electric picture signal. It is attained 
by detecting the pattern defect about each above-mentioned exposure field by 
comparing the picture signals about two or more above-mentioned exposure fields. 
[0007] Namely, it sets to the pattern defect inspection approach of this invention. A 
sequential exposure is carried out to two or more exposure fields (area field) of a 
semi-conductor sample front face by using the electron beam from an electron source 
as the so-called "area beam." Carry out image formation of the back scattering electron 
or secondary electron from an exposure field of these plurality in electron optics, and 
sequential formation of the expansion image of two or more above-mentioned exposure 
fields is carried out. Change the expansion image of the exposure field of these 
plurality into an electric picture signal, and he makes it memorize one by one, and is 
trying to detect the pattern defect about each above-mentioned exposure field by 
comparing the storage picture signals about two or more above-mentioned exposure 
fields. According to this approach, since the two-dimensional scan of the "point beam" 
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in each exposure field (area field) like before is unnecessary, large compaction of 
inspection time amount is attained and it becomes accelerable [ defective inspection ]. 
[0008] Moreover, the pattern defect test equipment by this invention The electron 
optics system for irradiating a semi-conductor sample front face, carrying out image 
formation of the back scattering electron or secondary electron from this exposure field 
(area field) by using the electron beam from an electron source as an area beam, and 
forming the expansion image of the above-mentioned exposure field, The sample 
migration stage for moving the above-mentioned semi-conductor sample so that the 
above-mentioned semi-conductor sample may be carried and the above-mentioned 
electron beam may be irradiated by the request location on this semi-conductor sample 
front face, A picture signal detection means to change the above-mentioned expansion 
image into an electric picture signal, and to detect it, It can be constituted by the 
picture signal processing means for comparing the picture signals about two or more 
exposure fields of the above-mentioned semi-conductor sample front face detected by 
this picture signal detection means, and detecting the pattern defect in each exposure 
field. 

[0009] In addition, it is effective by impressing negative potential to the 
above-mentioned sample to make it reflected near [ that ] the pole, without slowing 
down the electron beam irradiated by the above-mentioned sample front face, and this 
slowed-down electron beam being made to carry out incidence to the above-mentioned 
sample front face, or this slowed-down electron beam carrying out incidence to the 
above-mentioned sample front face. 

[00 10] Moreover, the above-mentioned sample migration stage can realize 
improvement in the speed from that of defective inspection by carrying out a setup of 
operation so that the above-mentioned sample may be continuously moved almost at 
uniform velocity. In this case, it is not necessary to say that it is necessary to control so 
that the electron beam exposure field on the above-mentioned front face of a sample 
serves as the same part between predetermined time and on a sample front face by 
having the stage location monitor means which carries out the monitor of the location 
of the above-mentioned sample migration stage. 

[00 ll] Furthermore, by projecting the expansion electronic image of the 
above-mentioned exposure field as for which image formation formation was carried 
out by the above-mentioned electron optics system on a fluorescent screen, the 
above-mentioned picture signal detection means is changed into an optical image, and 
carries out image formation of this optical image on an optical image sensing element 
through an optical lens or an optical fiber. Or it may be made to carry out direct image 
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formation of the expansion electronic image by which image formation was carried out 
by the above-mentioned electron optics system on the image sensing element which 
has electronic sensitivity. In addition, as an image sensing element, a charge coupling 
mold component (CCD sensor) or the component (TDI sensor) which integrates with 
and outputs the inputted lightwave signal which carried out time delay can be used. 
Moreover, read-out of the detecting signal from an image sensing element is taken as 
the method read to juxtaposition by many channels. 

[0012] The approach of setting up so that the magnitude of the expansion image of the 
semi conductor sample front face obtained by coincidence by irradiating an electron 
beam at coincidence on the other hand may become almost equal to the magnitude of 
the light-receiving side of an image sensing element is more simple. By [ the ], setting 
up the exposure area size of the above-mentioned electron beam on the other hand, so 
that the magnitude of the expansion image of a semi-conductor sample front face may 
become small compared with the light-receiving side of an image sensing element, and 
scanning this electron beam on the above-mentioned semi-conductor sample front face 
As it is projected on the above-mentioned expansion image over fixed time amount in 
the whole light-receiving side of this image sensing element, there is also a method of 
attaining highly precise-ization further by making it make the signal which amends 
the fluctuation factor of an exposure location and the exposure range superimpose on 
the scan signal of the above-mentioned electron beam. 

[0013] Moreover, compared with the energy value before slowing down the electron 
beam which irradiates a semi-conductor sample, and slowing down the energy value of 
the electron beam when a sample irradiating, it is made small enough, and in order to 
make it the energy dispersion of the back scattering electron generated from a sample 
front face by the exposure of the electron beam after this moderation serve as range 
which does not affect the resolution of an image formation system, negative potential 
is impressed to the above-mentioned semi-conductor sample. Or resolution can also be 
raised while solving the technical problem of a high-speed inspection by having a filter 
for carrying out energy judgment of the back scattering electron or secondary electron 
generated by the exposure of an electron beam, and carrying out image formation only 
of a certain specific back scattering electron or specific secondary electron of energy 
width of face. 
[0014] 

[Embodiment of the Invention] About the gestalt of operation of this invention, an 
example is given to below and it explains to it at a detail. 

[0015] <Example 1> The outline configuration of the test equipment which becomes 
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one example of this invention at drawing 1 is shown. The test equipment by this 
example is divided roughly, and consists of an electron optics system 101, the sample 
room 102, an image detecting element 103, the image-processing section 104, and a 
control section 105. 

[0016] First, an electron optics system 101 is explained. It converges with a condensing 
lens 2 and the acceleration electron beam emitted from the electron source 1 to which 
negative high potential is given according to the acceleration power source 23 
irradiates the diaphragm 4 which has rectangle opening. In addition, this electron 
beam receives a deviation with the electromagnetic deflection vessel 3, before 
irradiating a diaphragm 4 top. The electromagnetic deflection machine 3 is for 
separating the optical path of the incidence electron beam from an electron source 1, 
and the reflection electron (back scattering electron or secondary electron) beam from a 
sample. . With an objective lens 6, image formation of the incidence electron beam 
which passed rectangle diaphragm opening of drawing 4 is carried out, and it forms 
the image of rectangle diaphragm opening on semi-conductor sample 7 front face. The 
magnitude of rectangle diaphragm opening on drawing 4 is for example, 
400-micrometer angle, with an objective lens 6, this is reduced to one fourth and the 
drawing opening image (exposure field) of 100-micrometer angle is obtained on sample 
7 front face. This drawing opening image (exposure field) may be moved to the location 
of the arbitration on sample 7 front face by the illuminating-system deflecting system 
5 (or scan). The plane part used [ the point ] the source of LaB6 thermoelectron more 
than 10 micrometerphi for the electron source 1 by the plane. This enables it to 
irradiate an electron beam at homogeneity covering a large area (exposure field) on 
sample 7 front face. 

[0017] Negative potential lower (an absolute value is small) than an electron source 1 
or slightly high (an absolute value is large) negative potential is impressed to a sample 
7 and the sample migration stage 8 according to a power source 9. The case where it 
inspects using the back scattering electron from a sample 7 impresses negative 
potential slightly lower than the potential of an electron source 1, in that case, an 
incidence electron beam is slowed down before a sample 7 with the above-mentioned 
negative potential, and a backscattering is carried out with the atom of sample 7 front 
face toward sample 7 front face. This back scattering electron is led to the image 
formation lens 11 through the electromagnetic deflection machine 3 and the image 
formation system deflecting system 10, and image formation is carried out as a 
dispersion electronic image 12. Furthermore, the fluorescence image (microscope 
image) reflecting the pattern of sample 7 front face can be obtained by carrying out 
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expansion projection of this dispersion electronic image 12 on a fluorescent screen 15 
with magnifying lenses 13 and 14. 

[0018] In the sample room 102, a sample 7 is laid on the sample migration stage 8 
movable in the two-dimensional (X, Y, theta) direction, and negative potential which 
was described above according to the power source 9 is impressed to the sample 7. The 
stage location measuring instrument 27 is attached to the sample migration stage 8, 
and the stage location is correctly measured on real time. This is for acquiring an 
image, carrying out continuation migration of the stage 8. A laser interferometer is 
used for this stage location measuring instrument 27. Moreover, in order to measure 
correctly the height of a semi-conductor sample (wafer) front face, the optical sample 
height gauge 26 is also attached. The field which should inspect for example, on a 
wafer front face can be made to be able to carry out incidence of the light to this from 
across, and the thing of the method which measures the height on the front face of a 
wafer from location change of the reflected light can be used for it. In addition, the 
optical microscope 30 used for positioning of an inspection zone is also attached to the 
sample room 102. 

[0019] Next, the image detecting element 103 is explained. Image formation of the 
optical image on a fluorescent screen 15 is carried out on the light-receiving side of the 
optical image sensing element 17 by making image detection carry out optical 
association to it being also at the optical-fiber bundle 16 about the fluorescent screen 
15 and the optical image sensing element (for example, CCD component) 17 for 
changing the expansion image of the dispersion electronic image 12 into an optical 
image. The optical fiber bundle 16 bundles a thin optical fiber the same number as the 
number of pixels. Moreover, an optical lens is used instead of the above-mentioned 
optical-fiber bundle 16, and it may be made to carry out image formation of the optical 
image on a fluorescent screen 15 on the light-receiving side of the optical image 
sensing element (CCD) 17 with this optical lens. The electrode 300 and the 
transparent electrode 301 were formed in both sides of a fluorescent screen 15, the 
transparent electrode 301 side impressed the forward high voltage between two 
electrodes, and dispersion of an electron beam is prevented. The optical image sensing 
element (CCD) 17 changes and outputs the optical image by which image formation 
was carried out on the light-receiving side to an electric picture signal. The outputted 
picture signal is sent to the image-processing section 104, and picture signal 
processing is performed there. 

[0020] The image-processing section 104 consists of the picture signal storage sections 
18 and 19, operation part 20, and the defective judging section 21. In addition, image 
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display of the incorporated picture signal is carried out by the monitor 22. An 
instruction of operation and operating condition of each part of equipment are 
outputted and inputted from the control computer 29 in a control section 105. The 
terms and conditions of **, such as picture signal incorporation timing from the 
acceleration voltage at the time of electron ray generating, electron ray scan width and 
a deviation rate, sample stage passing speed, and an image sensing element, are 
beforehand inputted into the control computer 29. In response to the command from a 
control computer 29, the beam control system 28 generates an amendment signal 
based on the signal from the stage location measuring instrument 27 and the sample 
height gauge 26, and it sends an amendment signal to the objective lens power source 
25 or the scan signal generator 24 so that an electron ray may always be irradiated by 
the right location. 

[0021] Below, by showing the operating condition of this test equipment describes what 
inspection of improvement in the speed was able to be aimed at compared with the 
pattern test equipment by the conventional electron beam. In order to inspect a 
pattern defect by the image compare-check method, the S/N ratio of an image is [ ten 
or more ] required. "S" of the S/N ratio said here is defined by the electronic amount of 
average signals, and "N" is defined by 3 sigma values of a signal. A sigma value is 
decided by the shot noise of an exposure electron number, and serves as a square root 
(rootS) of the electron number S irradiated by per pixel. Therefore, a S/N ratio is set to 
S/(3rootS) =rootS/3. If the electron emission from a sample is further taken into 
consideration to this, a S/N ratio will become rootS/(3root2). For example, in order to 
obtain about 18 S/N ratio, it needs to be set to S>=6250, and it is necessary to irradiate 
6250 electrons per pixel. On the other hand, resolution required for defective 
inspection is 0.1 micrometers. It is the following. Therefore, with the conventional 
approach which extracts an electron beam to punctiform, scans this on a sample front 
face, and goes, it is 0.1 micrometers about an electron beam. It is necessary to extract 
to below, such a detailed beam " making " the brightness and space-charge effect of an 
electron source " a beam current value a limitation -- it is - as the beam current 
value I -- at most - only lOOnA extent is obtained. By 100nA(s), a 100 (nA)/(l.6xlO-19 
(C)) =6.25x10+11 piece electron will be irradiated to the exposure beam current per for 
1 second. Therefore, the irradiation time for 10ns is required to perform 6250 electron 
irradiation per pixel. When it does so, the inspection time amount of 2xl0ns=100sec is 
needed for inspecting 2 an area of 1cm (lcm / 0.1 micrometers). 

[0022] On the other hand, in the case of the test equipment of this example, one side 
irradiates the electron beam (area beam) of beam current I to the field of the square of 
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x (this will be called one shot), suppose that the twice [ eta ] as many back scattering 
electron as an exposure current was emitted by it. The expansion image on the front 
face of a sample is formed with this back scattering electron, and it is the resolution of 
0.1 micrometers. The case where it detects by the image sensing element (CCD) as an 
image is considered. As relation condition, it is 0.1 micrometers. The required number 
of signals from per angle (the number of back scattering electrons) is made into 6250 
[ same ] as the conventional example. It is the duration of one shot t and an area of 
lcm 2 t is expressed with a degree type when time amount required to inspect is set to 
T. 

6250= [I-eta-t/(l.6xl0-19)l and 2 therefore t=0.1- [x2/(I-eta)] ... (l) - T is expressed with 
a degree type again. 

T=(0.01/x) 2andt therefore T=l - xl0"4 and (t/x2) =1x10-5- [l/(I-eta)] ... (2) - an actual 
value is assigned to this formula and it is asked for the inspection duration T. At this 
example, the 1 shot lOOmicrometerxlOOmicrometer area field was irradiated with the 
area beam of lOOmicroA. What has the pixel of 1024x1024 in an image sensing 
element (CCD) is used, and 1 pixel on this CCD component is 0.1 micrometers on a 
sample. The scale factor of an electron optics system and the image formation optical 
system to a CCD component was set up so that it might correspond to an angle. In this 
case, when an optical lens was used instead of the optical-fiber bundle 16 so that this 
distortion may be amended since distortion occurred in the periphery of an image, we 
decided to use an aspheric lens. Furthermore, it was used after the image processing 
amended distortion which cannot be amended now. Here, it is eta value in an upper 
type 0.2 When it carries out, the duration t of one shot serves as 50microsec, and is 2 
an area of lcm. It will be set to 0.5 sec if the inspection duration T of a hit is calculated. 
Thus, the inspection duration demanded from the shot noise of an exposure electron 
number is shortened by leaps and bounds, and it turns out that a high-speed 
inspection is attained. 

[0023] Next, the settling time of the sample migration stage 8 is described. If the 
moving method of a stage 8 is made for example, into a step-and-repeat method, since 
msec order is needed, the settling time of a stage 8 cannot fully shorten inspection time 
amount. Therefore, the stage made the moving method of a stage 8 the continuation 
move mode which is always moving at uniform velocity. Thereby, constraint of the 
inspection time amount by the settling time of a stage is lost. However, if the stage 8 is 
carrying out continuation migration, a stage 8 will move also between one-shot time 
amount, for example, 50microsec, and the exposure location on a sample front face will 
change. Then, it was made to make an exposure electron beam follow migration of a 
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stage 8 with deflecting system 5 so that an exposure location may not change among 
one shot. Moreover, if it sees from the electron optics system which is rest frame, since 
it is moving, the image 12 made with the image formation lens 11 will also move an 
electron beam exposure location. In order to make it this migration not arise, it was 
made to carry out ganged operation of the deflecting system 10 to deflecting system 5. 
[0024] Next, the reading time amount of an image sensing element (CCD) is described. 
At this example, it could be made to carry out multi-channel juxtaposition read-out of 
the charge accumulated in CCD 17 at the 1M line/second read-out rate from read out 
opening of 32 channels. The number of pixels per line is 32, and the read-out duration 
per line is lmicrosec. Therefore, the read-out duration per pixel is set to 1 
(microsecondec) / 32(pixel) = 32ns. On the other hand, by the one-channel method, the 
read out duration per pixel is [ read-out by the high speed ] very much needed with 
Ins, and read-out of the image data from CCD cannot be realized with the present 
technique. In this example, by dividing read-out opening of the image data from CCD 
into 32 channels, and considering as the method which carries out juxtaposition 
coincidence read-out by these 32 channels, the read-out duration per pixel is set to 
32ns, and it is considering as the sufficiently realizable read-out rate. Drawing 3 
showed this typically. The numbers of read-out channels of the image data from 
CCD 17 are 32ch(es), and since there is 32 pixel xl024 line for every channel, time 
amount required to read the image data of one sheet from this CCD serves as about 1 
msec. That is, the picture signal of the one-shot field of 100-micrometer angle can be 
incorporated by 1msec, and it is 2 the sample surface area of 1cm. The inspection 
duration of a hit serves as 10sec(s). As mentioned above, sample area lcm2 by the 
conventional method Compared with inspection duration lOOsec of a hit, 10 times [ no 
less than ] as many improvement in the speed as this has been attained. Moreover, in 
this example, since the signal read-out rate from a CCD component has determined 
the inspection duration, if a high-speed data read-out method is realized rather than it 
can set for a CCD component in the future, improvement in the speed of the further 
inspection is expectable. 

[0025] Above, the other features are also described although the improvement effect of 
an inspection rate was explained. At this example, the negative high voltage is 
impressed to the semi-conductor sample 7, and just before a sample front face, an 
exposure electron beam is slowed down rapidly and irradiated. Thereby, the features 
as shown below are acquired. That is, if an electron beam is irradiated at a solid 
sample, secondary electron and a reflection electron will be generated. As for 
secondary electron, an incidence electron gives energy at the electron in a solid-state, 
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and the electron in this solid-state by which energy grant was carried out is emitted 
into a vacuum. For this reason, the flare of the energy which secondary electron has is 
large. On the other hand, a reflection electron is an electron which an incidence 
electron interacts with the atomic nucleus in a solid-state, or an electron, changes the 
orbit, and is again emitted into a vacuum. If an interaction is only elastic scattering at 
this time, the reflection electron of the same energy as incidence energy will be emitted. 
Drawing 2 expressed this typically. If the energy of an incidence electron is high, since 
the electrons which trespass upon the interior of a solid-state deep will increase in 
number, the reflection electron again emitted into a vacuum is a fraction. Furthermore, 
since inelastic scattering increases, large Susono is lengthened and energy spread 
becomes large at a low energy side (this drawing (a)). When energy spread carries out 
image formation of the large electron according to an electron optics system, the 
problem that resolution falls according to chromatic aberration arises. On the other 
hand, since the rate of elastic scattering increases in irradiating the electron of low 
energy, it comes to be shown in this drawing (b) in hard [ slight / to which Susono by 
the side of low energy decreases in number, and emission of secondary electron also 
decreases ]. That is, in this example, since emission of the large secondary electron of 
energy spread is suppressed first, and the emission rate of a reflection electron, i.e., a 
back scattering electron, is made to increase and the energy spread of a back 
scattering electron can also be further stopped small by making a sample front face 
carry out incidence of the low electron of energy, there are the features that the image 
of a high resolution can be formed. 

[0026] Next, the procedure of being in charge of an actual inspection is explained. First, 
the approach of alignment using an optical microscope 30 and an electron ray image is 
explained. A sample 7 is laid on the sample migration stage (X-Y-theta stage) 8, and it 
moves to under an optical microscope 30. The optical microscope image of sample 7 
front face is observed with a monitor 22, and the pattern of arbitration which appeared 
in the center in a screen is memorized. Under the present circumstances, the pattern 
to choose needs to be a pattern observable also on an electron ray image. 
[0027] Next, the X-Y-theta stage 8 performs spin compensation so that the circuit 
pattern on sample (semi-conductor wafer) 7 front face may serve as the stage 
migration direction, parallel, or a rectangular cross using the above-mentioned optical 
microscope image. After capturing the optical image of the pattern part of the 
arbitration in the chip of the arbitration of the circuit pattern on the wafer 7 front face 
in a certain stage location at the time of spin compensation, making it display on a 
monitor 22 and giving marking to the arbitration part in the display screen, the 
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storage section 18 is made to memorize the optical picture signal, next , after move a 
stage 8 in x directions or the direction of y , only the distance for a number chip of the 
circuit pattern on wafer 7 front face capture the optical image of the same pattern part 
as the point in a new chip , display it on a monitor 22 and give marking to the part 
corresponding to a previous marking part too , the storage section 19 be make to 
memorize the new optical picture signal . Subsequently, in operation part 20, the 
amount of location gaps of the marking part between both images is computed by 
carrying out the comparison operation of the optical picture signals memorized by the 
storage sections 18 and 19. From the amount of location gaps of this marking part, and 
the stage movement magnitude between both images, the angle-of-rotation error of a 
wafer 7 is computed, that part stage 8 is rotated, and angle of rotation is amended. The 
above spin compensation actuation is repeated several times, and it is made for an 
angle-of-rotation error to become below a predetermined value. Furthermore, the 
circuit pattern on wafer 7 front face is observed using an optical microscope image, the 
location of the chip on a wafer and the distance during a chip (for example, repetition 
pitch of a repetition pattern like a memory cell) are measured beforehand, and the 
value is inputted into a control computer 29. And the inspected chip on wafer 7 front 
face and the inspected field in the chip are set up on the optical microscope image of a 
monitor 22. Since an optical microscope image can be observed to the substrate even 
when the circuit pattern of wafer 7 front face is comparatively covered by transparent 
film like silicon oxide observable with the low scale factor, the layout of the circuit 
pattern in a chip etc. can observe simple, and can set up an inspection zone simple. 
[0028] Next, a sample (wafer) 7 is moved to under an electron optics system. Then, an 
electron ray is irradiated to the field expected to include the inspected field previously 
set up on the optical microscope image, and an electron ray image is acquired. It is 
made for the above-mentioned inspected field to enter in the electron-beam-irradiation 
field of one shot at this time. By moving on a stage 8 so that the pattern of the part 
which carried out marking to the same location in a screen as having carried out 
marking on the previous optical microscope image on this electron ray image 
previously may appear, beforehand, correspondence between an 
electron-beam-irradiation location and an optical microscope observation location can 
be attached before inspection initiation, and an electron-beam-irradiation location can 
be proofread now. And actuation same with having carried out on the optical 
microscope image previously on this electron ray image is carried out. After also 
carrying out check of a simple observation location using an optical microscope, 
alignment and adjustment of an electron-beam-irradiation location, and still a certain 
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amount of spin compensation, compared with this optical microscope image, resolution 
is high, and it comes to be able to perform highly precise spin compensation using the 
electron ray image which can obtain a high scale-factor image thereby. Furthermore, 
this electron ray image is used, for a high scale factor, with high precision, it can 
observation-check and an inspected field or the same pattern space can be amended. 
However, when all (or part) of the front faces of the semi-conductor wafer 7 are covered 
with the insulating material, if an electron ray is irradiated, this insulating material 
will be charged, and the location which irradiated the electron ray once has the case 
where it becomes impossible to inspect. Then, what is necessary is just made to 
perform the electron beam exposure for a verification condition setup before the above 
inspection in fact by choosing the location which is the field which is due to inspect, 
and which is not, and has the same pattern as an inspected field. 

[0029] If a setup of the above-mentioned verification condition is completed, electron 
ray imaging of a part of inspected field on semi-conductor wafer 7 front face will be 
carried out on an actual verification condition and the completely same conditions, and 
the information and its dispersion range of brightness of the image depending on the 
quality of the material and the configuration of an inspected field are computed, and it 
will be made a table and will memorize. And the criteria at the time of judging whether 
the pattern part in the inspected field by which imaging detection was actually carried 
out with reference to this storage table in the next inspection process is a defect are 
determined. 

[0030] If a setup of an inspected field and defective criteria is completed with the 
above-mentioned procedure, inspection will actually be started. At the time of 
inspection, the stage 8 in which the sample (semi-conductor wafer) 7 was carried 
carries out continuation migration with constant speed in the direction of X. in the 
meantime, an electron ray is fixed in the same exposure field on the wafer 7 front face 
between one shot each (area field) - a shot time amount (this example more than 
50microsec) exposure is carried out. Since the stage 8 is carrying out continuation 
migration, with deflecting system 5, an electron beam follows migration of a stage 8 
and carries out a deviation scan. 

[0031] The monitor of the exposure field or exposure location of an electron ray is 
always carried out by the stage location measuring instrument 27 and sample 
height-gauge 26 grade which were prepared in the stage 8, such monitor information is 
transmitted to a control computer 29, the amount of location gaps is grasped by the 
detail, and the amount of location gaps of a parenthesis is correctly amended by the 
beam control system 28. Thereby, exact alignment required for the compare check of a 



21 



pattern is high-speed and highly precise, and may be performed. 

[0032] Moreover, an electron beam image with a focus can always be formed in the 
front face of an inspected field by measuring the surface height of the semi-conductor 
wafer 7 on real time with the optical height gauge 26 by the method, the means, for 
example, the laser interference method, other than an electron beam, which measures 
location change of the reflected light, and amending dynamically the focal distance of 
the objective lens 6 for irradiating an electron beam, or the image formation lens 11. 
Moreover, as the curvature of a wafer 7 is beforehand measured before inspection and 
the above-mentioned focal distance amendment is carried out based on the 
measurement data, it is necessary to be made not to perform surface height 
measurement of a wafer 7 at the time of real inspection. 

[0033] An electron ray is irradiated on semi-conductor wafer 7 front face, the 
expansion optical image about the inspected field (area field) of the request on wafer 7 
front face is formed on a fluorescent screen 15 with a reflection electron (back 
scattering electron), this expansion optical image is further changed into an electric 
picture signal by the CCD component 17, and this picture signal is incorporated in the 
image-processing section 104. And it stores in the storage section 18 (or 19) as an 
electron ray picture signal about the area field corresponding to the 
electron-beam-irradiation location given by the control section 28 in response to the 
command from a control computer 29. 

[0034] When carrying out the compare check of the pattern during the contiguity chips 
A and B which have the same design pattern formed on the semi-conductor wafer 7 
front face, the electron ray picture signal about the inspected field in Chip A is 
incorporated, and it is made to memorize in the storage section 18 first. Next, it 
compares with the storage picture signal in the storage section 18 at it and coincidence, 
incorporating the above in the adjoining chip B, and the corresponding picture signal 
about an inspected field, and making it memorize in the storage section 19. 
Furthermore, the picture signal about the inspected field where it corresponds in the 
following chip C is acquired, and it compares with the storage picture signal about the 
inspected field in the chip B in the storage section 19 at it and coincidence, making the 
storage picture signal about the inspected field in the chip A which described it above 
in the storage section 18 carry out overwrite storage. Such actuation is repeated, and it 
compares and goes, carrying out the sequential storage of the picture signal about an 
inspected field which corresponds mutually in all inspected chips. 

[0035] It is also possible to take beforehand the approach of making the electron ray 
picture signal of the inspection zone of the request about the excellent article (there is 
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no defect) sample used as a criterion memorizing in the storage section 18, in addition 
to the above-mentioned approach. In that case, the inspection zone about the 
above-mentioned excellent article sample and the verification condition are beforehand 
inputted into the control computer 29, inspection about the above-mentioned excellent 
article sample is performed based on these input data, and the acquisition picture 
signal about a desired inspection zone is memorized in the storage section 18. Next, 
the sample 7 used as a subject of examination is loaded on a stage 8, inspection is 
performed in the same procedure as the point, the picture signal about the 
above-mentioned excellent article sample previously remembered to be a picture signal 
about this sample to be examined in the storage section 18 is compared, and the 
existence of the pattern defect about the inspection zone of the above-mentioned 
request of the above-mentioned sample to be examined is detected at the same time it 
incorporates the above and the corresponding acquisition picture signal about an 
inspection zone in the storage section 19. In addition, the sample (wafer) that there is 
no pattern defect beforehand turns out [ different from the above-mentioned sample to 
be examined ] to be as the above-mentioned standard (excellent article) sample may be 
used, and the field (chip) where it turns out [ of the above-mentioned 
subject-of-examination sample front face ] that there is no pattern defect beforehand 
may be used. For example, in case a pattern is formed in a semi-conductor sample 
(wafer) front face, the poor doubling gap between a lower layer pattern and the upper 
pattern may occur over the whole wafer surface. In such a case, although the defect 
(defect) generated over the above whole wafer surfaces as the candidates for a 
comparison are the patterns in the same wafer or the same chip will be overlooked 
According to this example, the defect generated over the whole wafer surface which 
was described above is also detectable with a sufficient precision by memorizing the 
picture signal of the field where it turns out that it is an excellent article (defect-free) 
beforehand, and comparing this storage picture signal with the picture signal of an 
inspection object domain. 

[0036] the defective criteria which the storage section 18 and both the picture signals 
memorized in 19 are incorporated in operation part 20, respectively, and have already 
been searched for there - being based - the difference between various statistics 
(specifically statistics, such as the average of image concentration, and distribution), 
and a circumference pixel -- a value etc. is computed. Subsequently to in the defective 
judging section 21 both the picture signals to which these processings were performed 
are transmitted, it is compared there, the difference signal between both picture 
signals is extracted, a defective judging is made with reference to the defective criteria 
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which already search for and have been memorized, and the picture signal of the 
pattern space judged to be a defect and the picture signal of the other field are 
classified. 

[0037] It became possible to detect the existence of a pattern defect by forming the 
image by the reflection electron (a back scattering electron and secondary electron) 
generated from the semi-conductor sample 7 with the inspection approach and test 
equipment which have so far been described, and carrying out the compare check of 
the picture signal about a pattern space which corresponds mutually. Thereby, a very 
high-speed inspection was attained compared with the test equipment by the 
conventional electron ray. 

[0038] <Example 2> In the above-mentioned example 1, it may become and a problem 
may arise [ the area of the electron beam exposure field of one shot ] in the 
homogeneity of the beam current density in lOOmicrometerxlOOmicrometer, the 
problem which says that distortion arises in the periphery of the expansion image of a 
semi-conductor sample since it is large, or an exposure field. When the heterogeneity of 
an image distortion or current density has arisen fixed, being able to amend by giving 
change to the fiber strand array of the optical-fiber bundle 16, and attaching weight to 
the acquisition sensibility and the image processing of a picture signal can also amend, 
but in changing them in time, by those approaches, correspondence becomes difficult. 
It was made for the problem of the heterogeneity of distortion or current density not to 
arise in the exposure field of one shot by using the exposure field of one shot as 
5-micrometer angle in this example. An exposure electron beam current is 5microA per 
shot. At this time, the irradiation time of an electron beam is electronic dispersion 
effectiveness. When eta is set to 0.2, the irradiation time t per shot is 2.5 from previous 
(l) type. It is set to musec. Shot time amount 2.5 After irradiating one exposure field 
(5-micrometer angle) by musec, an electron beam is moved onto the next exposure field 
(5-micrometer angle) which adjoins with deflecting system 5. Thus, an exposure 
location is moved one after another and the whole range of the 100 micrometers of the 
directions of x direction 100 micrometerxy is irradiated by 20x20=400 shot. 
[0039] At this time, the expansion image position which an expansion image is 
obtained in the location corresponding to the electron beam exposure location at that 
time, and is obtained by the CCD component according to migration of the electron 
beam exposure location by the scan of an electron beam also moves and goes for every 
shot on the CCD component 17. Drawing 4 showed this situation. The 1024x 1024-pixel 
thing was used for the CCD component 17. 1 pixel on a CCD component is 0.1 on 
sample 7 front face. It is equivalent to the field of mum angle, therefore the exposure 
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field (5-micrometer angle) of one shot on sample 7 front face turns into a 50x5Opixel 
field (it is equivalent to 1/400 of the whole CCD component light-receiving sides) on a 
CCD component light-receiving side. And it enabled it to cover the field of 
100-micrometer angle on a sample front face in respect of [ whole ] light-receiving of a 
CCD component. Therefore, in order to obtain the expansion image of the field of 
100-micrometer angle on a sample front face, it is. 2.5(microsecondec) x400(shot) =1 
(msec) will be required. 

[0040] When making the image of the field of 100-micrometer angle on sample 7 front 
face form on CCD by 1msec as mentioned above, the image storage section 18 is made 
to memorize by making into a digital signal the picture signal accumulated in this 
CCD. In order to acquire the picture signal of the next field where it adjoins on a 
sample front face, it is necessary to move 100 micrometers of stages 8. In this stage 
migration, the method which carries out continuation migration of the stage 8 with 
constant speed was taken like the case of the previous example 1. At that time, an 
exposure electron beam is made to follow migration of a stage 8, and it was made to 
carry out a deviation scan with the appearance and deflecting system 5 which will be 
in the condition of whether the stage 8 is standing it still to an exposure electron beam. 
The dead time produced by this in case a stage 8 is moved and stopped was made into 
zero. If in charge of the flattery scan of the exposure electron beam to continuation 
migration of this stage 8, a deviation amendment signal is calculated with reference to 
the signal from the stage location measuring instrument 27, and deflecting system 5 is 
made to control the deviation of a delivery exposure electron beam for this deviation 
amendment signal within the beam control system 28. Furthermore, it was made to 
perform these amendments by making an amended part about distortion, a location 
drift, etc. of a sample expansion image by the electron ray superimpose on the 
above-mentioned deviation amendment signal. Moreover, deflecting system 5 is 
interlocked with, deflecting system 10 is also operated, and it was made not to be 
influenced of the current-beam-position migration by stage flattery of the above [ the 
location of the sample expansion image on CCD ]. Thereby, the dead time by stage 
migration was able to be abolished and a high speed and highly precise inspection 
were able to be realized. In addition, about the image processing for the defective 
inspection after the above, it is the same as that of the case of the previous example 1. 
[0041] When inspection is advanced with the procedure explained above, it is 2 1cm of 
sample front faces. The time amount T which requires the expansion image about a hit 
for carrying out sequential formation on CCD serves as 10sec(s). On the other hand, 
like the case of the previous example 1, for reading the image (image about 100 
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micrometer angle of sample surface) of one sheet, since a picture signal is read from 
CCD at a 1M line/second read-out rate, since 1msec is required, it is 2 the sample 
surface area of 1cm. Hit lOsec is needed. Since read-out of the image formation in a 
CCD component and a picture signal is performed in parallel, the time amount which 
inspection takes turns into time amount of any or the longer one among the time 
amount which image formation takes, and the time amount which picture signal 
read-out takes. For both sides, at this example, an image formation duration and a 
picture signal read-out duration are 2 the sample surface area of 1cm. Sample surface 
area lcm2 [ in / with hit lOsec, it is equal mutually, therefore / this example ] The 
inspection duration about a hit serves as 10sec(s). 

[0042] It is LaB6 which extended the point in the case of the previous example 1 as an 
electron source 1 since the electron beam exposure area per shot was small, therefore 
the exposure beam current also had it and it was managed with this example 
compared with the case of the previous example 1. LaB6 in which the tip sharpened 
more compared with the electron source The electron source was used. [ small ] In 
addition, at this example, it is LaB6. It can replace with an electron source and can 
also use, the electron source, for example, the Zr/O/W electron source, of a 
thermoelectrical community emission mold. 

[0043] Although illustrated in the above explanation about the case where the electron 
beam exposure field of one shot is fixed to the magnitude of 5-micrometer angle, 
according to the pattern repeat pitch in semi-conductor sample 7 front face, it is made 
to carry out adjustable [ of this electron beam exposure area size ]. By this example, a 
comparable distortion will always arise in the same part, and as mentioned above, 
since the electron beam exposure field of one shot is set up smaller, even if distortion of 
some arises into the bond part between each exposure field, since how depending on 
which the distortion on two images which should carry out a mutual comparison 
appears also becomes equal, the problem of the incorrect detection by distortion is lost. 
Thereby, a reliable pattern defect inspection is realizable. 

[0044] <Example 3> In this example, the CCD sensor of a time amount are recording 
mold was used as a component which changes a sample surface image into an 
electrical signal. This component is called a TDI sensor and, generally is used in 
optical test equipment. Except it, it is the same as that of the case of the previous 
example 2. The concept of this TDI sensor of operation is explained with reference to 
drawing 5 . By the TDI sensor, it operates so that the guide peg of the charge 
generated according to the luminous intensity which received light at the migration 
place may be carried out one by one and it may go, at the same time it moves the 
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charge generated according to the luminous intensity which received light in each 
light-receiving field to Rhine of x directions and goes. And when last Rhine of a 
light-receiving side is arrived at, it outputs outside as an electrical signal. Therefore, a 
signal while an image moves in a sensor top will be integrated with and outputted by 
making the same passing speed of the charge of x directions, and passing speed of the 
x directions of the image on a light-receiving side. 

[0045] In this example, the read-out rate was made into a 1M line/second by dividing 
signal read out into 32 channels, and reading it in parallel, respectively like the CCD 
sensor in the case of the previous example 1 and an example 2. Moreover, 64 pixels 
was used for light-receiving area size in the x directions, and the 1024-pixel thing was 
used for it in the direction of y. x direction die length of one line is 0.1 on a sample front 
face, mum and the direction die length of y are equivalent to about 100 micrometers. 
At this time, it is length 0.1. Since mum and a 100 micrometers wide image will be 
outputted by one M/second in rate, continuation passing speed of a stage is also made 
into the same rate (0.1 micrometers / lmicrosec =100 mm/sec) as this. Thus, x 
directional movements of an inspection zone are performed by moving a stage 8. On 
the other hand, since the exposure field of one shot is 5-micrometer angle, like drawing 
5 , y directional movement of an exposure field will need to scan an electron ray, and 
will need to perform it. Namely, while a stage 8 moves in the x directions by one shot (5 
micrometers), it is necessary to scan 100 micrometers of electron beams in the 
direction of y. Duration of one shot When 2.5microsec, it is needed for scanning 100 
micrometers (20 shots) in the direction of y 50microsec. On the other hand, since x 
directional movement rates of a stage 8 are 100 mm/sec, the time amount required for 
a stage 8 to move by one shot (5 micrometers) exactly in the x directions serves as 
50microsec. Thus, the time amount which the stage migration for one shot (5 
micrometers) takes in the x directions, and the time amount which the electron beam 
scan for 20 shots (100 micrometers) takes in the direction of y were made in agreement, 
and it has prevented a dead time arising. It is 2 the sample surface area of 1cm by this 
approach. In order to acquire an image, it is 2x105 of the scan duration (50microsec) 
about a 5micrometerxl00micrometer above-mentioned unit scan field. Since twice will 
be required, it is 2 the sample surface area of 1cm. The inspection duration of a hit 
serves as 10sec(s). In addition, if the 2M line/second which is twice the example which 
the signal output rate from a TDI sensor described above is realizable, an inspection 
duration will serve as 5sec(s) of the one half. 

[0046] Since the passing speed of the stage decided by this example from the signal 
output rate of a TDI sensor is 100 mm/sec as mentioned above, x directional 
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movements of the inspection zone by stage migration are possible enough, and, 
moreover, sufficient time amount for the direction scan of y of the inspection zone by 
electron beam scan can be secured to the meantime. Moreover, in this example, since it 
is the signal output rate of a TDI sensor, having decided the inspection rate can realize 
inspection at a high speed further, if this signal output rate is improved. 
[0047] <Example 4> Although the electron ray slowed down on the semi-conductor 
sample front face was irradiated in the previous examples 1-3, negative potential 
slightly higher than the acceleration voltage of an electron ray is impressed to a 
sample front face by this example so that an electron ray may be reflected in a sample 
front face just before a sample front face, without carrying out incidence. The electron 
reflected just before this sample is used for formation of a sample surface image. 
Others are completely the same as that of the case of the 1st previous example. Surface 
polish processing processes, such as CMP and CML, are being introduced into a 
semi-conductor process in recent years, and it is in the inclination for flattening of the 
irregularity of a semi-conductor sample front face to be carried out. In this example, 
irregularity with the delicate front face after such a planarizing process can be 
detected with very sufficient sensibility as compared with the case of the previous 
example 1. That is, the description of this example is having set it as conditions which 
the negative electrical potential difference impressed to a sample will be made higher 
compared with the previous examples 1, 2, and 3, and an exposure electron's will 
interact with the atomic nucleus and electron which exist in the sample front face, 
without carrying out incidence into a semi-conductor sample in fact, and will be 
reflected just before a sample front face. By inspecting under these conditions, the 
advantage of being able to detect the defect of a process in which it appears as change 
of irregularity with a delicate front face with sensibility still more sufficient than the 
case of an example 1 is acquired. 

[0048] <Example 5> In the previous examples 1*4, after changing an electron ray 
image into an optical image using a fluorescent screen, image detection was carried 
out by the photosensor (CCD and TDI) sensor. In this example, the previous 
fluorescent screen and previous optical-fiber bundle in examples 1-4 are omitted by 
using the sensor 57 which has direct sensibility to an electron ray. The block diagram 
is shown in drawing 6 . The cross-section structure of a sensor 57 gives the hundreds of 
A electric conduction film to the outermost surface of the light-receiving side of the 
usual photosensor. Thereby, since the image by the electron ray on the front face of a 
sample is directly detectable, an error factor decreases because a previous optical-fiber 
bundle (or optical lens which replaces it), a previous fluorescent screen, etc. become 
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unnecessary and an equipment configuration becomes easy, and a more reliable 
inspection is attained. [ as / in examples 1-4 ] 

[0049] <Example 6> The effectiveness which makes small energy dispersion of the 
back scattering electron emitted from a sample is made to be acquired by the previous 
examples 1*3 and making small energy of the electron which electronegative potential 
is impressed to the semi-conductor sample 7 by 5 by reaching, and is irradiated by the 
sample. In this example, the energy filter 31 is newly formed, while resulting in the 
image formation lens 11 from the semi-conductor sample 7, and energy dispersion of 
the electron which forms an inspection image is made still smaller. The example of an 
equipment configuration is shown in drawing 7 . What is called the Wien filter which 
combined the electrostatic deflection and the electromagnetic deflection was used for 
the energy filter 31. This Wien filter functions as making it go straight on, without an 
electrostatic deflection operation and an electromagnetic deflection operation offsetting 
each other to the electron beam of a certain specific energy, and deflecting a beam. 
Therefore, by extracting behind the image formation lens 11 of the latter part of this 
energy filter 31, and preparing 32, only the electron beam of specific energy passes 
opening of this drawing 32, and can form a sample electron ray image. Therefore, the 
chromatic aberration in the image formation lens 11 or magnifying lenses 13 and 14 is 
reduced, and there is effectiveness which says that the resolution of the image formed 
on a sensor 57 (or fluorescent screen 15) improves. 

[0050] <Example 7> In this example, a diaphragm cum the sensor 204 by which it has 
the same function as the sensor 57 which has sensibility to the electron ray used in the 
previous example 5 ( drawing 6 ) and the example 6 ( drawing 7 ), and the beam 
passage hole was prepared in the core was installed in the location in which the 
reciprocal space image (Fourier transform image) of the electron-beam-irradiation field 
in the semi-conductor sample 7 is formed exactly. It is made to be inputted through the 
signal switching unit 205 by the electron ray intensity-distribution image (signal) from 
a diaphragm-cum-this sensor 204 at the image storage sections 18 and 19 in the 
image -processing section 104. That is, this signal switching unit 205 functions as 
choosing either the picture signal from a diaphragm-cum-the sensor 204, and the 
picture signal from CCD17 in response to the control signal from a control computer 29, 
and supplying the image storage sections 18 and 19 in the image -processing section 
104. 

[0051] The reciprocal space image (Fourier transform image) of the 
electron-beam-irradiation field of semi conductor sample 7 front face is formed in the 
field where image formation of the back scattering electron emitted by the same 



29 



diffusion angle from the sample front face is carried out to one point with an objective 
lens 6. Since the circuit pattern generally formed in the semi conductor sample front 
face is based on regular repeat structure, the reciprocal space image is a simple thing 
which consists of a small number of spot and line. Therefore, the comparison between 
the reciprocal space images of a mutually different field is easier than the comparison 
between the real space images which correspond, respectively. Then, by using this 
reciprocal space image comparison, it compares, when using a real space image 
comparison, and the judgment of the existence of the defect in an 
electron-beam-irradiation field can be performed with more efficient and 
high-reliability. However, it cannot specify in which location in an 
electron-beam-irradiation field needless to say, the defect exists from the comparison of 
a reciprocal space image which was mentioned above. Then, the existence of the defect 
in an inspection object domain is first judged simple and quickly by the compare check 
which uses the reciprocal space picture signal from a diaphragm-cum-the sensor 204, 
and it enabled it to identify the defect's existence location correctly subsequently in 
this example by the compare check using the real space picture signal from the CCD 
sensor 17. Thereby, in advance of the detailed defective location identification by real 
space image comparison, the outline of a defective generating field can be known 
simple, and the increase in efficiency of defective inspection is attained. 
[0052] Here, if the location in which a diaphragm-cum-the sensor 204 is installed has 
even the location in which the reciprocal space image of an electron-beam-irradiation 
field is formed, it is not necessary to say necessarily not being limited only to the 
latter-part location of an objective lens like this example. Moreover, it is not necessary 
to say that the same effectiveness as this example is also realizable by performing the 
same configuration change as this example also in the previous examples 1-6. 
[0053] 

[Effect of the Invention] According to this invention, the inspection rate of the wafer 
pattern test equipment by the electron ray accelerates by leaps and bounds. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer So the translation may not reflect 
the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The outline block diagram of the test equipment which becomes the 1st 
example of this invention. 

[Drawing 2] The energy distribution map of the emission electron for explaining the 
effectiveness of this invention. 

[Drawing 3] The explanatory view of the CCD sensor which is one component of the 
test equipment which becomes the 1st example of this invention of operation. 
[Drawing 4] The explanatory view of the test equipment by the 2nd example of this 
invention of operation. 

[Drawing 5] The explanatory view of the TDI sensor which is one component of the test 
equipment which becomes the 3rd example of this invention of operation. 
[Drawing 6] The outline block diagram of the test equipment which becomes the 5th 
example of this invention. 

[Drawing 7] The outline block diagram of the test equipment which becomes the 6th 
example of this invention. 

[Drawing 8] The outline block diagram of the test equipment which becomes the 7th 
example of this invention. 
[Description of Notations] 
1- Electron source, 
2* Condensing lens, 

3- Deflecting system, 

4- Drawing, 

5* Illuminating-system deflecting system, 
6* Objective lens, 
7- Sample, 
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8: X-Y-theta stage, 
9" Power source, 

10- Image formation system deflecting system, 

11* Image formation lens, 

12: Electronic image, 

13^ Magnifying lens, 

14: Magnifying lens, 

15: Fluorescent screen, 

16: Optical-fiber bundle, 

17:CCD, 

18: Image storage section, 
19: Image storage section, 
20: Operation part, 
21- Defective judging section, 
22: Monitor, 

23: Acceleration power source, 

24: Scan signal generator, 

25: Objective lens power source, 

26: Sample height gauge, 

27: Stage location measuring instrument, 

28: Beam control system, 

29: Control computer, 

30: Optical microscope, 

31: Energy filter, 

32: Drawing, 

57: Electron ray image sensor, 

101- Electron optics system, 

102: Sample room, 

103: Image detecting element, 

104: Image -processing section, 

105: Control section, 

204: Adiaphragnrcum-a sensor, 

205: Signal switching unit, 

300: Electrode, 

301: Electrode. 
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ft-A *> *> z t znm t -t^mm 
2 2^2 4<r>\,^tiMztmcn>^?->xmm&-i5m« 

itt^HMmt&m lx it . leamiv) 
— a-so u ft * w^^^^-srt^asfljcam^ 

2 1~3 7^V^^*Hcie»W^-VMfi^ac*-&. 
flf*^3 9 3 JifBL^lfe,J;t/SS2^«^b-^B| 

t'-Mzfmtxfrb. m&&mmwmw-2>.z±ii 

ffimnwmi-i Z k fc-k W$Nbft £ £ k 

■$-*8iw&H2 1 ~3 8<r)\^-rtiMz%mco^->xm 
i ois««w^»fr 1 om-^b-A 

Cout^M^Mt -SIB 1 <«£SmflUBj£6UB 



v-j*<nfm&Mt:±3d3m$m<o±Mm 1 oaw 

<D±faS5 2 <^ffifflKK« WfiHT R«r t=gg|«-4» 2 tffll 
^b"-A^SfSKt. JJ2»2«lB«Ki«*»i5>ftaj$*i 

sasammmk. ±9im2<^mmmmz^x^>±m 

titi±.iSMi 1 <OIBBHH«tov^^±jE» 1 <0i££FS& 

comrnm^- 1 imssh 2 ommm^mmmzx v ^-cum 
$ ft*:_Lf esu 2 nmmmmzn ^x <d±sm 2 coa^ra 
mcommm^t suast Lx±Mm 1 <oif«««* mo. 
Mm 2 (mnrnmza >w&*tk&-t &xm 

[000 1] 

iz, «^b-A2rffl^-c. zmi*m&.m®<7)ms&>'*7 
-yxpg£s;sjK, mftmmz\ frimmzwm'ttLz 

[0002] 

-r&tf&xmtLx. i^>cr>^ai^±(D2^vxt<Dmm 
Lsis*7->cr>wm£ftzm^x®.mL. ztit>m&. 
<nwmzfomLx^?->xffico^m%£*tk&-f&jT& 
tth 0 . Bttuffl-fbs tix^z. z nm&jmovma 

r flfl-feS3^^7-;>Hj 199 5*8^, p 
p. 1 14-1 1 7fc^.ic>*m^. £C7)J;^^7K^ 

Pe^ttSL/;^-. *jWSiL,T ltd ^jaymM 

[0003] d<7)J: d ^^6<)tt3fe^rffi^fc(t^rae^ 

^ra*N #^Ba59-192943^$g, J- Vac. Sci. Tech. 

B.Vol.9, No. 6, pp.3005-3009 (1991), J. Vac. Sc 
i. Tech. B, Vol.10, No. 6, pp. 2804-2808 (1992), SPIE 

Vol.2439, pp. 174-183. #i.Tf WBPF05-258703^& 

mmizmm^ixx^h . zzx-a. mmm%tm&&£ 

n&tzfrt,zft®iziKmz^?-y<7)W1gi£M^&!i£ : m 
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■fhtzMz, m^^m^mm<o i o o*gw± 

( 1 0 n AUlDW-^WdHZm^T^Z. 
[0004] 

imitfffikt x o ti-mmi inLtzm^mzm^ 
wmmm-ztzMz. m^-^±mm.itLx\^ 
immmix'^mtt ( 2 &tcW) tc^aE lt v 

h'-AcO^mSE-f^tRSWS)^. 0"J;tt£. 0. l/xm 
8fi«i^WnAgJg*<SiiSr|5S^T'J)0. HiliKkL 100 

'j&mifih Z>z\b i^m-h b . b'-A«ggffl*>' 1 0 0 n 

a to . 1 Mm cottmmznx 3 t-rs t , mmmcr> 

ISlcmi Sr^|3iE-ri.^(C^l 00 s e cfeUi?:^ 
SHEW lcm' ^ 0 C7)8fci89r©$fg#ift 5 s e c ni£b 

i^z-mmx'h^tz. 

[ 0 0 0 5 ] ft^T, #3KHcoB6%i, m-?b'-A£ffl 

■thZbX'hh. 
[0006] 

ttfr%m^t'-j>.zm^fz^7->&m^%&coigi 
muz. mmmcoMmcommmmmm®)^ mT 

b'-A£ r*b'-Aj £: LTtii^< 2&^W : 5:/K# 9£ 
MflNt (IDR flWD frkvy&trttELVf- * jfcttZKVP* 

SILT. ±IB«3a^)BSIt«^fc:ov^Oli««^ra±S: 

Jt*£-r& c: t x KtiMzmmmmz^xw-y 
tmzmiti-?&ztiz£ix&f8.zti&. 
[ooo7] -ttcbib. *miwf->xm&£tjm 

aj t Lx*mimmmmcominmffimwmm.m) 

fzii-&MT zmtt&miz&m ^x±sam?) 

m?m*mzm<x!&5to%wmm^iz$£m Lxtm £ 
it. ±mmL<7)msmmiz^xcoimmmm^m±^ 
tm-t&zbizx o lii&mmmmiz^ wxw-y 
xmnm-tzx oiztx^z. ttmizxtu*. 



[0 00 8] ifc, *&mzXh^?-yxmmmm. 
it. tt«A^*^b'-A£®»b'-AhLT¥3*# 

mnmmizmmummmm(mmmm)^^mm.iL 
m^tzit-HKM^mm.^x ±smMm®<7)iifck®. 
^mm-hfz^m^^^kb . ±Mz*mmmzm£ 
xi%^wmmm±.cmm^Lm.i»z±ssM^~^t>m 
mztiz, x o iz±M*n*wmi*&m^&izfr<7)mA 
mm^-'Jt . ±mmzmzm%m%w&m^iz$zm 
Lxmft-f&wmm^m&^&t , mmmm^ta^ 
izx K>mta^titz±M'mwm-immco^comMmm 
iz^TnMmm^m±£tmLx&mtmmziivz, 
^-yxmztkft-t h fz^commm^nm^t izx 

->xm&L%tt&c\bts i X'*&. 
[0009] tea. ±mmiziinQ.£mn-t$>zbiz 

x K>±BmAmmizmmzti.&n?t'-Az$mLx. 
zwtmztifzm.? t'-<ut><±%mmmmzAm-& x 

oiz-tZAK ZtzlZ. Z<Dffi&Ztifzm : J L t'-J±tf±.U 

mmmmizte?jftit?i l z%<7)W&.®x'%M-£tiz> x o t 
■thw^mx'hh. 

[ooio]*fc, ±.imm&mxT- : Ji±. ±.mm 
&mmmg.x'm%mzmbmtz> ± ? ®ftiSLfet&z 

as^^^mmttzb^zx-ox. ±ibisp*®^ 
m-mm b x o ®m^h>jm&h zzbu^ozx- 

[0011] §^>tc, JJE«0M««#«Ktt#BM4» ±12 

m?^mzx^x&&Bfc2ntz±imttmt&<otick 
m z mz , m?m±.iz&m-2> ^tw^ x±^mz%m 

y^f) , ^ *(2i$fgBiffi LX Istz^M^nft Ltti 
[0012] «^b'-A&|5lB*tM*f^-|»^ fctC 

mmmftm^cr&imcTy*:* $ t «aw l < ^ri» x o iz 
m^th^mifix^mx'hh. *mftu® 
mscowzk;m<?>*z $ ^m^mmm^co^tm^zitKx 

<^io K±iem^b'-A<aBglttfHt£0*£ $ 5r 

■tz>zbtzx-?x. mmm&m^Fvy&m&mz-m 
nm®*M?x±M&&*m s mtisti& x a t lt , ± 
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tWfcattSfct^^fc** J: 3 JhfE¥ 

^-BoaEtrttSUTf* fctt -#^?<9*S:iSft§ * 4 
[00 14] 

[00 1 53 <HJ60!1 1>H1K. #«gitf>-4«tWfc 
SI*, ±W\LX. VHt^Jk 10 1, sSm 10 2.® 

imam 103, BftsaagB 1 0 4& £vmwi$ 105 
[0016] 5t-f . s^pse** 1 0 1 iz^xmw-t 

Sff&. =3rfe. ,lcDV?h'-AJ±. «?0 4JiS-BSJt-r^ 
it:, «B*ffifa&3(iJ;^Tifft£-SttS. TOffifs 

«^ ( fc^ttaST-* tz\$-dm^ ) b'-A?)3fc8&£# 
S^-4fc**0fc«DT*4. S&9 4<?)Sg^ii&>9iWP£iI3S 

4 . m 0 4 Jb-COflSKR 0 WP<7)±# $ i4#J;i{4'4 0 0 
vumftTJ) 1 ?. tt®}U>X6iz£~?XZtl$:l/4 Izlfa 
>hU tS^7«®±T'<±l 0 Ojum^SOfflPSl (JH 

J4. BSIt^ffi[SiS5(;J:oTlS^7*®±«ffS 

14, ft^#¥HtfT*<9¥B#atfb&U OumtVXk 

±T'io/sv^®w (msmm) t,zhfz-?xm-tzm?t- 

[ 0 0 1 7 ] W&l , aMiXf-y'SCIJ, «iS9 

<a, £tiitmnzif\i (tmmcojzz^) nrnGizeMm 
-r & . 1 wttfi <t 0 t> sa^et epjD-r 
2.0x4. ssf47*^of^fta«-?^ffl^-c^-rs« 

iHX-b*). *«0*£fctt, AftW?b'-At4, ±Ecoft 



m\ mii&m<nm^z^xik-KfflLzixh. z\<r> 

x&mu>xi 1 izmzft&mrFmi 2 1 tx&n&mt 
s. zt>iz. zowczLn^mi 2^i/>xi 3, 1 

ft) 

[00 18]IS?(1102rttl±. 2&7C(X, Y, 0) 

^£^^*ara»tt*-r- iS8±.<,zmm 7 *<®s 
$ *u tm 7 izimm 9 iz x o±ibl^ j: 0 

aeg»2 7**ttSfc&*u XT—i?®mz >j nv9^ at 

tf&a^Bft * ]R#-r i) feft-c* s . -r <7>x f — ^<as 

^ftimw^mMnnzzTEmizitmt&tz 

Mz. 3e¥ftWrKW*S«Sg»2 6fcBl0oW/9itT^ 
^'•C'#4. dcrjflS. ttftSl 0 2tc{±. «IS«lScofi[g 

^fflicfflu^s^^^is 0 himzttx^z. 
[0019] mz. wmkiti® 103 iz^xmmt 
h> mmmttizu^ sa«^«i 2v>m±mzx&miz 

CCDSf) 1 7bZftyT4'*— ^1 6Tt>^T3fe^ 
i J: D . 3*3ft£ 1 5±0^^ftSr3fe^B 

h<r>x°hh. tfz. imtyr^^-^ie^^^z 
%»\s>x*m\K Wdt&^yx\,zz:~>x'§kimi 5± 

<D^«Sr^Hft«iai^(CCD) 1 7co^3tffi±(c 

®3 o o fc^Bjm@3 o i &s»t. wsaa(c389!ss 

3 0 1 ffll^'iE(7)S«£E^EPJaLTfl:^ b-AcotSiaSrRfe 
V^T^S. 7fe^H«^aj*^(CCD) 1 7(4, -e^Og* 

ai^i-rs . aj^i ^ix^Hftft^-ii, ffiftMasp i o 4 k 

[0020] wm^m^ 1 o 4 a, Bftm-^ie^gp 1 8 
am 9 . jg«;g52 0 , ^(5fj«gB2 1 x>offif&Zh.x 
v^. ^r*$. IR'52 ! 4^fflftfi-f-(i ; e-^2 2(cJ:0 

h. *iJfflW*«l2 9tc{i. ^i6«^g^^c7)jaai; 

mfkft-tfxi) ztix^z. b - a wawR 2 8 a . wm 

JWB2 93&»fe<o»«*SttT. X-r-> ? fi[SS!ISS2 
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7 , t*F4«£W£3s2 6frt>0)G&Z&tzLXW3Ett 

m&v vxmm. 2 5 ^acft-f-^s 2 4 £*e«#* 
[0021] jarc *^s^a«»#^#Sr*-r ; t 

fcili. B&<9S/NJt**l 0J2LbfcfFC&S. -IClfciK 

0ffiT5g*£ftft . tf «fct!BWtflR»^ s •/ h y X 

0 . 1 B»S 0 icJIMtSih.ifHHR Sc^^ffi 
(/S)J:«. ft->t. S/Nit(SS/(3^S)=^S 

-St. S/NJt(i,TS/(3/~2)i:3rft. ftl 
8»S/NJt*»4fc»fcttSfe625 0t*9. — B 
mm *) 6 2 5 OflO«?tlIIH-ft<BX0 t &*. — 2u 
XHBtWEtCiMffirfMlttBiO. 1 jum UTT&ft. fto 

^±3*«S*BI£-b*-A£feftfc«m 

6 2 50 = (I ■ v ■ t/( 1.6X10-")] - (IXIO-VxJ* 
.-. t = 0. 1 • [x 2 /(I • 77)] 

Tt4^-e**>S;ft.ft. 

T = (0.0 1/x) 2 • t 

.-. T= 1 X 1 0-* • (t/x*) = 1 X 1 O- 5 • [1/(1 ■ ??)] 
ZCO^z. HHOffi£ftALt\ *0B5fK«}IST*#«> 
ft. *»*«TJ±» 1 v-3 •/ M OOAmX 1 OOxtm 
COW&m®* 1 0 0juAOffi«fc'-^T-Bgfti-LJt. Bfil 
«?ai*^(CCD)C{i. 1 0 24 X 1 0 2 4?)B*£# 

0. l^m ^cft^ftid^m^ft^fcitXCCD 

^jasPT«^*^*-tftcot\ zcom^-tmiE^h. 

ft J: die, 3t7r>fA-mi 6<MVb*)lz%&l'>'XS: 

m^&Wr&iz. imwuyx&m^&ztbLti. 

£ftTl«IEL£ii&^M*£B<£^St<£9«IEL 

i:. l^H /hcOm^^ttiSO^secfc^rO. & 
fc . iffl* 1 c m» SO 4>*a35rWSfilT Srtm-r ft i: . 
0.5 sect^S. Cl^idfc. m9t9r¥&.0>i' a v 

yja xfrm*istLh^mwmi&fflmtz<mz 
[0023] mz, im&mxT-iS8<7>mg.mmizi 

ratim s e c*-ytf<mttcz>tzt?>. +wzimmm 

#8514, x^- iStf%lz*mx'&® LT ^ ft il^ifcfr 
sStL*:. ^ix(cJ:0^7 i -^S^^H^J:ft^3ici* 



0 s b'-i,m»S[ffi I b tTlift^ 10 0 nAgSt 

a^wifcu. mmt'-j>.m.%Ltf 100 nAta. 1 # 

raS0100(nA)/(1.6xl 0""(C)) = 6.2 5 
x 1 0 +I1 fflO*Wrajf^^ftii:tC^ft. V£->X. 
1 B»l 0 6 2 5 Ol^tflBftfififiSriCtt 1 O n s 
e c COtm&fffitfi&mX'h ft . -fd-fftt, fflflcm 
2 CDfcJiQ cm/ 0. Ijam) ! xl0nse 
c=100sec ^SEBtH^gfc Srft . 

[0022] *mmMcommm<7>i%,izi,zi^ - 

ffl**xcOJE#^ffi«tb'~^m8iE I com^ b'-A(® 
Sfb'-A) * BSff-Tft (.TixS: lya-yhfc of^d i: tci" 
ft). ^iiCioTIHflWa^^ffiK^^iaL*^*** 

ajsftfct-rft. -w^#stam^j: , ?i*:f4*®wt£ 

**£#JSU ^S?igO. l^m tTB«^ai 
^(CCD)T^iiJ-rft^-$:#x.ft. Jtt&^frtL 

0.1 um ftS»)*»6««6««HS^»(a*IBSL* 
W«it^^"JfclRll:6 2 5 Offlfc-Tft,, lV3>/h<?5 



(1) 



• - • (2) 

TV^fti:. ly3 7fW!itf5 0Aisec^tt 

xt--^'8*^»lt. im*tB±m5^fit«ft 

>-'8<0^i6tiifi!?*ftj:ottfe. ^Jt. #jhJ^S^ 
T'S>ft«^3t^**^Sfti:. «^t-AjB»tKBi» 

i&LTv^ft^^mi^yxi licio^feiiftmi 2t> 

&mLXL£d. Z vymttf*. t%^£? tc-r ft 

[0024] mz. m^mm^iccDycom^M'om 

Sltcov^T^ft. *HJS^!T'*i. CCD1 7lzW%% 
tltzWffiS: 3 2^-v>^<7)B?^ttiL.n*^ 1 V 
/»<0K{Baur^f-v y^M^^tiJ ft J: d 
tcLst. l7'f>'S0«oB*^<i3 2T\ lyjy^O 

^mmmmmm^ 1 s e c x$> ft . vt^x . 1 b*s 

OcOSgajBlfg^i l(*isec)/32 (BIS) = 3 2 n 
seciW. ^ilCML, CCDA^(7)I®f-^« 
M^tB t*i 1 f-v y */WS=*"CI4 1 B*S 0 ^ffiBtS 

mmn n s e c t^s^aT'^^ajLA-'^t^ 
t^-tt . i «o 3 2 f - r v ^ivxmiiw^m^- tu t-r ft # 
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2nsectu -t^^^m^ntam t lt^s. 
commT-?<vmiirt-^>*)imi±3 2 c hx-h*) , & 

ftV*/l*C3 2I*X 10247^ Vtffohfrt,^ 
■T tfDC C D fr^-ftwlff- * £M»ifH'(c£K4rlft 
TOlmseci:^. "T^*)^ lOO^m^l 
v a y hSHKOHflMg^* 1msec T'JX 03^)i> £ t 

<o , mmimm 1 c m* s oottSftsnttsiM: 1 o 
sec ja±»j: at. t^^etisimmi 

1 c m* S OcOfcSSJfBlflSI 1 0 0 s e c t,Zifr<,X . 1 

[0025] VXtXIi. ^E3[S<7)e5J#5()S(CO^T^ 

Hi**?!*. AWS^tfHffc+^S^ 
+ofl;^K^tStai$ix&i><7)T*S>.g.„ £<?)*:#> 

^x^;^-*<av^. Ea*p«i5tc«»<«A-r*« 
x-hh. *h\,z. imffitctiLwmat&fcMz. «x* 

A^-Wfc&v & 5 1 § x jftftt 0 a** S < 

44(HH(a)). x*/i"¥-tfM&&« *) **A# v 

*p £ Haw-*- s *&«± . w&.mLnm&wmat & tz 

ftajfe**^* PHa<b)fcjjc$-J:3*::ar4. 

*^WJT'(i. x*/Mf-*XKv>«F ^iffllt 
ffltcAS*2-ti-&£i:T\ £tx^^-<^£#9^A£ 



BI»fil3 0OT^»»r6. *x*2 2t:J:*>H»7« 

9 - >\m=mm&±-x t wsrtib^ ^-yt** # 

[0027] act. ±IB<WlS^WtWltW*R*fflv^"CSC« 
yjmbVfrh^m^t^hXodz. x-Y-^xf 

^x*^- ^ 2 2 izm^ § itx . mmmmft o&mmm 

iz-?-*y7ZttLic&. %<r>3tfm®m^*sttmi 

8(ci5it?-»i:-s. mz. ^^\7mm±comw^-y 

^^■m5rIX , 5^T'^:X^2 2tc^$-»J:. 

v-4f y ymnznm- hm< \z*?\* o v-^ y yzn 

•fr*. ifcVVC. )IIS2 0{:t5^T, IE^18, 1 9 

izim2tite%&mmm^m±&tmms. lt . mh« 

^x/\7<0|iM6ftJjaMfe*JWJL. -e^X 
x-^'8 S: IHfe^-ti-T HM££|g£«jE-r£ . I^Lh^lUifS 

x>'\7^ffi±c7)|lI»-'N-^->'S:«^U. ^x^±T'tf0^- 

•y rcoea^^ «y na<orai<0!itf . ^ * u -t/Ko i 

^a^$(Jffll|+»«2 9(cA^-rS. ^xyx7* 
M±OS^Sf- -y yH £T/*(V* -y 7°F*FOlft^S«iS^ 

BflUi. JtRWfiflS^TSBK^nirirc* 1 ), ^x 

%mi%mxmtotix^&^x'h*(r>TM£xwBm 
mxh&cr>x\ * ;y?mw < t*-y<7>\"{ rwmtf 
f&mzwmx-* . «aE««uoi»g36««flw=i i f=sri «. . 

[0028] |fif4(^xyN) 7 Srlg^^^T^ 

msth. zzx\ 9tizmmsimm&±x'$&.'fc Ltzm 
tmimz-sts t f-m ztihmu,zm=m* mmLxm 
?mmm*Mft-?&<, z<m, \is9v\-<n%=Fwm 
wmiziMnmm&wfixz x 3 tc-rs . zcom? 
mwm±.iz&^xi>. &<wemmmmi&tizi5^xv 

-^yytticokmtmm^m.mi.z^z-r-^yiXLtz 

ztx\ f-frft&mttimiz, m^mmimtxtm®. 
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*H«±fctj «- ^x „ ft&%&msimm±.T?T% ->tz<r>b 
mmn&mm&th. ztuzx*). %&m»mzm^ 
xcomm^msm.'mnms.^^M^tii xvwFmmm 

mz. z coyttmmmmizitKxttMmtfftK . mm 
mw& zt<7)X'%h m=Fwm®.z ^x nmmm 
tcmmffiEtfX'ihXoiztch. zuz. zcom^mm 

mx-mmmzwrnum ■ miE-rtz t #t-£ & „ tzts 

x-mhtix ^zmarizi^ mTmzmM-f&tzcDim 
m^mtx, -^xm^mmLtzmmimAX'^ 

izfttz' -> x cnim.tkmife<r>tz#><7m^ tr- i*%m\± . 
m&z\m&k'tt o ^jgo&v ^mm-h-? x t^ms. 

OlZ-ttltfX\,K 

[0029] ±mLtzft&3kftcr>Wlfetf%TLfzL>. ¥ 

ftt±<m--co0kftX'itrmmmtL. wmmmcom 
w j $BmzmfLfzw&wn& zommtsxts 

^mmiMtHLy—fMzLXiim-h. ZLX. & 

v^jLmz&^xmmT-y-tuzmmLxmzizM 
mm ta § ixtzim&mim <r» i?->®%tf%MX'& 

[0030] imco&mzx ->xmmmmaiijfxm 
m^^w^^-jLtzh. mmzm&zm%r?&. 
m&mizii, mm(^m^^)7^mmLtz^.y—^ 
8&xxfa< l z-~femmTmM®wrt&. tcom. n^m 

mmm *-fe<n> ^ a-yh b#isj ( ^mmmx-a . 5 o u 
s e cjiLt) matr&. ^-=Js\mw^mvx\.^ 

[0031] m?m<?>mttM®foz>i<Az?m®.mi. x 
T-iS8izmw< : >tifzxr—i''®.WM%.&2 7 , mmm 
zmfe&2 6mzj:>omm : i=-?zti. ztit?^-? 
mmrfMwstn®. 1 9 iz&mztixmmiz®.w.~mg:tf 

imiSti. ^oi<J0fia-rix4«it'-ASiJffll^2 8^J; 

^xjEmizmjEznz, zttizxK). >^-><D$£mk 
&iz&w%jEm%&m&friti)mm ■ mmmx^tchix 

[0032] a*;. ¥&wi7^7<7mm&z*. vr- 
<r>n^vvx^mmy>x \ lo^sE^r-r^s 



miirr-? *miz±MZ<?y&jmm®JEtth XolzL 

x. $m&mztevxj\7<7)mmi$zmzs:?f%0!8g 
[0033] ^^m^^m^zcj\7mmizmmL. k 

«aEffl«{ffl««^){COV^<Oj£±3^«Sr^3l6Kl 5 

s»io4taR«3str. *lt. mmtYM-m29i^co 
m5t*&vxMw&2 8izx v^tbtitt^wmtiL 
mizttjsLizmmmmz^xcon. : mmmm^t i 
x . Kitas i s (ifcti 1 9 ) &mrs . 

[0034] ^«s<7xyN7^B±t^§iX7tll-|S 

mztmmtz. mz^ mm-r y°B\*\cr>±Mitn 
ea5i9f*itcie«5-«ir^^>. **itR««=, SEieavi 
w^w^r* w^t^^tov ^x omrnm^ znm l . 

ZtlZsffiBl 8Wz±.BLtzJ--yy-Apj<r>m%&m.® 
fc:o^T«8E*H««#tCJ:»* aatS««r*«6 . til 
bftmtZ* 3E«»1 9(*IO^-yTB|*lc7)^aElSJ^to 

LT, ^Tc7)»«IS^-yri*IC0SV^*fiE-r^fe«aE« 
[0035] ±£<0*ffiJ^htC. S^i:^r?.^p a p 

(xm<o%^) m®iz^xnmmnmm.mv>w. z m 

kfc^r»r*4. -?-co^-(c<i, : F«>jSMlBmc«2 9{c 

B&m-^£tEfigBi8[*Kc!Eii-r-?>. <5:^. tfmtmt 
«aE*wa«PK=o v cob®«^ k ^tcteiigc 1 8 c 

aaii$*i>t±£RiHiKfit:ov ^-c ^)B«m^ b &im L 

x. ±mm&ttm&¥Aw±miMcom&Mmz^x<7) 

A) Umb LT(i. ±SH«W«KWi:J«il^«>^^ 

tis. ^&m$(T7^mmiz'*?->£Bm-& 
*7^3mizhtz*)Tmj*?-yb±m^?->^ 
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trntttmrnmcowmm^t zoom z biz ± o . ± 
[0036] fBis 18,19 mzB^tttzmmmm 

Wtett. HfltmKWM. 4rtJ^«6if*) , ^32B 
[0037] Cin^-Cta^T^^«ffi^fcJ:t/«QS 

isst: «t o . ¥*#t«f4 7 3&» £ sua** ( aar 

[00 38] <H«fi«2> ±iec7)||M^JlT'{±, 1^3 
•y h <nmrFt'-J>.immi&COMm& lOO^mXlOO 
fx m b 0 V „ ^IM»«4CH<J5*fc«ctR(?5jajfl» 

cs* c i. fc £ 3 ras^B^st^^rt-c-^ t'-Amas 

Mbtch. *mmmX'lt. Ussy h<0!SS*«««r 5/i 
mfc b LX. 1 ^ g >/ b <OBBM««lWi3I* J 5»*aM? 

h*-AoBg»i^iaj±m^(7)ifea^ v £• o . 2 1 

2.5 Ats e c 3 •/ M$|g 2 . 5 jusecT' 

-o<oj!8»{B«(5/xmA)t:JB»Lfc« % lft'-A{S 

T, x*|6ll 0 0//mX yaffil 0 0 w m<D®tt£tis5r 
20X20=4 00^3 -y ht*MSt^S . 
[00 3 9] C\<7)&T. CCDffl7i{:(l #1^3 

• y hmz. z(n&nmtt-j*miQ.mznmLfzim 



lzfckmtm>ti. tt^b'-AOTgafctism-^b'-A 

pjt&a^i&^jc tx c c D^^^ixsa^e 
si^ttt-ctT<. c\<7m=f-*7fiLti<r>im4X'hh. 

CCDlf 1 7(C(il 0 24X1 0 24BSc0t<O£rffl 

v vte . ccd m?±xco i BUtiiCft 7 31® ±X'<r> o . 
1 xtmft^XRWtcfflSL, fiSoT. IS«7*M±-e<^ 
1^3 -y hO!Blt««<5jumft)tt. CCDffSXffi 
±T'CO 5 0X5 0M<7)M ( C C DfSt^7fc®£fliC7) 
1/4 0 O(cffla-T^) fc=5r4. ZLX. CCDR^ct) 
^H£*-C3*B*ffl±*> 10 0// mfc<D|S«i£#ys'- 
■C9iJ:3(=U/£. tot, IS»*H±T'01 00/<m 
A«0««^ifcWft*f9S3t«>lC« 2.5(/isec)X4 

0 0 (^3 v b) = 1 (m s e c)£g-T§£ b btth* 

[0040] ±j&r>iio\,zix^ mm7im±.coi oo 

^mft^^B«5r lmsect'CC D±(=»jft$-fr 
fc^>, KCCD^#«$fL^B«^$:x^^l-fi^t 
LTM^ffili^l 8tcffi1g$^S. 8*fi«iif±<0BWfr 

1 0 0//m#»§^^*<J>-i,. £c7)Xx-^ftfc 
it. ftcommm l <0«^fc Ha. 

A(cM LX X-f->?8 A> t »± LT v ^ A^lfc® 
t==Sr*«. il«»5t:J:->"C!!H«ft-A*^f-i'' 

Ht-tfnKUfc. £ co x ^- 8 comMmm^mm 

^b'-Ac7)it(a!^tS-oT{i, b'-A§iJfflJ^2 8f*I 
T\ Xx-^*ffi{tS!l«S2 7*^<7)<l-f-5:#BitT«|t] 
flUEm^tWL. £co«r6lMjEft-§-^«(6]tl5tCjM0 

«|6j»10fc»fPS-»i:T. C C D iT^KSSfcWR^ffl 

^(c-pv^TJi. tt>9mm 1 isia-c$>i. . 

[004 1] Ja±»WLfc**K i 0«OE*Jtt»TV^< 
fc. Sm«Bl cm! SO(COV^TcOffi>«C«^CCD± 
(Cj*iJ:^-r-SCg-rSB*raT(i lOseci:^.- 

^r. ^oHiSi^Ji^-^iilsi^. ccD*^iM7^f 

yy^mtam&xmmm^m^iii't^x\ -«c<om 

^(feemiBl 0 0jtzm;ft{C-^vC<9W«)&M^ft-r<9 
1:1msec ifiiS^X'hhtzth, IS^BW lcm ! S 
"3 1 0 s e ctf-mb&h. CCDm^tZtilf&WmB 

&bwmm^m*mutmfLxn%htiz>frL>. m 



4 



*mmmx'iz. mmmmrm^mkmrnm^mmmm^ 
mttf* Mzmzmmmmm 1 c m* soiosec 

k. m^zWL<%^Xi5*). ftnt. *g9fcM££<? 
0 s e c ktzh* 

[0042] ^mmmx-it. %n^m 1 commit 

Tli. 3feOSItt«l^*^<OjtJaSI5*l£Jf/SLaB 6 * 
^JSCtUffiOm^J®. mifZr/0/WF«£fflV^£ 

[0043] pxtomwx'iz. 1 a x bomTt'-i, 
* l*: a* , ^ffcsm 7 am T w 1 ? - > m 0 js l e y 

iHClS t X s i <Olf h- Affi8t#iiigco* ^ ? «■ n^g-c 
Z2>£dizLXi>&^. JiitLfcidK. *SOfcWC 
(i. l^a ■/ h<om^ b"-ABg|t««£ J: t)>h§ < K£ 

w§LitztLxi>. %uzm-t&BHzmmm<vw*tf£.t 

h Z k fc=3r 0 . fflSJtK-T^S' Zr><?mk±X<n&M) 

[0044] <m&M3 > *»iti±. Mrnii® 
s-m^s-ttc^-rss-f t tx, vmmmcoccD 

cox\ ye&m&m&tz&^x-mMfcmmztLX^ 
h. -ewawa, %<r>m&m2c7>w&kmnx'ibz> . z 

OTD I-fe>~9-O»fHlfc4:*05*#!!aLrKBJ^-4. 
TD I -b>-9-C1i. #S^JST'S3K L fc#<a§fe*fc:j6 

3*Ufc«ff fcJOGfcJg. L-^h-frTfi^ J: 3 tdWts-*-* . * 
T^gP^m^t-^. «->-C, x*fa<7)«?fco«$J&i: 

^m±.<mwL<?)x.ijfo<7>i&wmmim-iz'i-?> z k 
x\ mmv* v^kz^mthWicnm^mt lx tux 

•t&zklztch. 

[0045] *mmmx'ii, ftnm&m 1 , mmm2co 
i§&cnccD*yy-kmmt,z^ m^m^mL^3 2++ 
y*fr*zwnL*ti*tiM.ff txm^m-t z k^zx*), 

£Sti, x^ritotc64B*, y*|6]tci 024B*coi> 

0.1 Atm, y^T(6]«$«±*«;l 0 0x<m^ffiS-rS. «I 
(Ok^.mO.l wm, 110 0«m(7)Iffiif)HM^ 

mmj&i>ztikmt&m(o. i/im/usec =1 
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00ram/sec)kUV>l>. i^J:^:, Sffif^ 
<D x -Xft&mteZ-T- iS8$:&W)Z-\t&ZktiZ£ 'Off^c 
1. li'3 vh<?>mffim&5umftX'$>&<?) 

X\ ®5<vi5lz. mffl&toy1jMm*9rm*i£ 
&LXft%0'£Wtf$it2,. -T^h-h. Xr-y'8*>'x 

xfoiz iy 3 7h*(5^m) mmm-zmzn? b* 

-A 2r y ^Ti&ltc 1 0 0 ^ m^£-f h . 1 5/ 3 
vh^rffW^i: 2. 5ms e c k~?hk. yjffillzl 
; OO^rn (20yn7 btt) SrjfeSFt^ 5 0 ju s e 
cj63?i:*4. — *x-^'8<^x:frft?#B)3&Ki;il 
; 00mm/sectJ)JH. Xf- ^*8# x^fadT 

£lv3-/h# ( 5^m) »1W St=K^-4«BI«50 
Aisect^rl.. dc7)J:3C x^rinjt 1 3 -/ h-ft 
(5 Mm) <7)AT- ; J&mizm-fZ>&fmky1}ftlz2 0 

192: ^-Sc^li:, tS<a£l»vvC^*. i 

<0^tc«t o-CliCmaW 1 c m' OBKfrR»t«lC 
{i. ±i^« 5wmXl00/i mcr>mffi£gffi.mz~0\ >T 
^^at0fSB#ra ( 5 0 M s e c ) CO 2 X 1 0 5 
hZkl,Z%&cr)X\ MfiSISl em' ^ 15 C0l»f g 
tiffillil 0 s e ci;*^. ^ri3. TD I-byf^^S 

■^•iii^jfflK^iiB L/c^jtfo 2 m<?) 2 m 7 -f y/wzmm 

[ 0 0 4 6 ] ±&Ltz J: 3 tc. *SISS0iJT1i. TD I-fe 

y^-com^ta^jm^^^t h^-wMmmtf 1 

00mm/s e ctftiK, +#Xf- 

%mfflzmux'%&. xmmmx'iz. msmm.* 

mhX^&cr>\±TD I -fe^cOfi^-til^ajg-CSb?.^ 

[0047] <9mm4 > ^iiiffe^j 1 ~3tj±. *m 
mmmmiztm Ltzvmzmm lx v ^ *nss 

mzit. zcDmmmx-mztifcn?zm^z>. zv> 
ma. ttmi0>mmme>i&&k-£<fflmx'$>&. in* 
mrn-txccMP, cML^coaffiWSJnxrn 

^*>^. ^i^H^mii. j^>mi0ll. 2, 3^Jt 
%ZtlXL&d£o &3&IZW& LX^Z>ZkX'$>h* 

frt*&g&coTX'mt-t& zkizj:*). mfficomjipzw 
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4. 

[oo48] immm^y ^mmi-Ai.zii^x 

tt. »^£J^vc*^B«£3te*«fc3gBlUitt 
fc. 3t-b>~!f (CCD^TD I ) -fe>ifT'B<&&itiLT 
vtf:. #HWJT'tt. «^^Ut»»*<o&4-fe>' 
■^5 7^fflv%SCli:^J:i3. %<vmm\ 1 ~4£fc(t4 

£*^tgfc&4, 

[0049] <geSfeM6 > 5fe^^*$0Hl-3, &£X/5 
*i4m^x*;Mf-£/jN$<-f4£fcT\ mAfrbtfc 
£>ft4 i 3 LT v vfc . *^SfiCTT'ii . fr*: fcx 

^/m?-? -< a-* 3 1 z*mtkm\7frt>mmu>-xi 

07 fc^ct\ x*;^-? -f ^ 3 1 Mtt. fflgfffrfc 
3«flB-*-S. MoT. Zcr>**r\s*r-y 4)V?3 lco& 

mcom&u >x 1 1 cmxiz®. 9 3 2 £ mf& ztizx 

oT. #^X^;K- CD^h'-AcO^^O^O 3 
3, 1 4W>felRSfeWS*3*U -fey-9"5 7(iJt«i« 
[00 50] <!WtW7 > *SHiWCtt . 9&&&m 5 

(B6) , HJSM6 (m7)iza^xmmttzm : mizML 
mg.cr>b&*>y57 bmmnmmttL'p'bizt'-j* 
mmU)miL>tLKmm-ty?2 o 4 £. 

&fl» ti<&f&zti&®.mz&m . ^o^o*-t>-9- 

2 0 4*6e^HMMKMMft (ft^) tt. fl^HO&SI 
32 0 5 *^LTB««fflHB 10 4 rtDBttGtHK 1 
8. 1 9CA*£;ft.4J:3fcLT*4. "T^:*^. Zco 

o stt. ©j»n««2 9frt»<nmm 
o 4*^^H«fi^-*3<ty r cc 
D 1 7rt>^B««-^<OWi*>— LTB«*iyi 



SB 1 0 4 rtc7)B«ieitg? 18,19 izmte-t 4 J: 3 
-T4. 

[0051] ^awtae** 7 mmnm'fmmm&nmz 
a4ffltc»j«$#i4. -mizimfommwizmi&ztL 

fz®ft'*7->ltmil]EL^m')Ml,ffikZ&*tLX 

«raTojtiR{±. ^ftw«rf zm^RHmx-oim 

aaRsmwrtfcfi»t*^o^**i<»5!MjE* i 
oKfmsa-entfTt 4 . . . ± 

¥com.mzimwif& lt ^ 4 <oa»& 4 z t nx- 
zzx\ #sofe#JT'ii. n*)M-t>y-2 
0 4frhcv&m®&m^£m^xc?>}m8&i l zj: -?xm 
m^mnzw&tmmmmx'coxf&co^m^m^. t . 

<^v^T. ccD^ytl 7*>£><9H£ig&fs'5|-£fflvvc 

T'#4i3(cL^. ^^io. m28m\m\,z£&m 
m*Kmm^mztt^xxm&fflk<?>mtik*i&®. 

[0052] ZZX\ *20*-fe^-9-2 0 4SrlSa^-4ffi 
'■tt. *^ISBl*f^^j3^ra«*^^$^4fiMT$ 

z.**uf, L^mim^xotzitmu>xe^m 

{m<7)MzmfeZtl%\,->Ztli^;o£X'i>%\<\ £tz. 

%<r>mmm 1 ~6 iz&^x h^mmmt mmzmmsaz 

%&Zti>5;o£X'h%:\\ 
[0053] 

c f&mam ] *amtz x tux . m=miz is^x/v? 
[ena«ofa#2r8t9i] 

[01 ] *5KH<omi OHMWc=3:4«a^lS<7)lltB&* 

[02] *»B*^»»iKW-4fc«>cottffi«-^OX* 
;w=¥-^0. 

[03 ] l co* WJtc^r 4 ^^gco-«« 

S^T'*> 4 C C D -b ^<0iMt«iWH. 
[ 04 ] *»Wo» 2 OlUfiMtc i 4^Siiacoiljf^ 

BJ0o 

[05] *^sflc7)^ 3 commmiz* 4 ^s^bo-^ 

g*T'S>4TD I tnwWBtWJ. 
[06] *^ajcr)^ 5 0*MM^=5r 4 ^3t^ao«B&flj 
^0. 

[07] *«i8«» 6 commmiz%z>tf&mmcDimffi 
mm, 

[08] *l6BJ^7<OSISt0!ltt*4«Ba^g«Olim&lf| 
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i 

matmaim, 
mm, 

X-Y-^^f-y, 
MM, 

m±u>x. 



2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 

1 9 

2 0 



CCD, 

mmsxm, 



2 1 : KPBwsaw. 

22 : 

2 3 : IffiSttS. 

2 5 : ttm\s>XWM, 
2 6 :tS^iff£jIiJ5£S, 
2 7 : Xf-i/'ffiII^, 
2 8 : h'-AiSS, 

2 9 : MfffftHS. 

3 o : %&msm. 

3 1 : -f 
32:?B, 

5 7 : m-?tgH«-fc>'-9-, 



10 1 
102 
103 

1 04 
10 5 

2 04 
205 
300 

3 0 1 



[01 3 



[03] 



B3 
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[02] 
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[04] 
04 



1 v/g^h 




± 

lOO^m 
C 

m 



1 ^ *f 0 



[05] 
32ch.lc#*J 



I 

id 



jii 



2 



««±<OlOOMm|cffi^ 
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(51) Int. CI. 6 

H 0 1 L 21/66 



F I 

H 0 1 L 21/30 



502V 



02)&m S^JII IE® 



(72>fHB« mm Mm 



(17) 
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(mrnrn &ih 1Mb. 



(72) WB* JSffl »« 



